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3Kcnep111MeHTa1lbHble "1CC11e,qoeaHlr1fl, np0B0Alr1Mble B na6opaTOplr11r1 BblCOKlr1X 

3Heprni:.; Ol/lrll/l Ha npoTfl>KeH1r11r1 nocr,e,qH1r1x 25 neT e 0611acrn cp1r131AK1r1 4aCT1114 BblC0-

Klr1X 3Heprni:.; (ct>B3) lr1 pe11f!Tlr1B1r1CTCKOi:.; s:1,qepHoi:.; Q)lr131r1Klr1 (Prlct>), f1Blr1Illr1Cb 0CH0BHblM 

CTlr1MY110M lr1CC11e,qoeaH1r1i:.; no C03,qaHlr110 H0BblX MeTOJ:10B lr1 cpeACTB opraH1r1aa41r11r1 

MHoroKaHa11bHblX MH0ronpo4eccopHblX c1r1CTeM c6opa AaHHblX. 

8 Ha4ane 70-x r0A0B B na6opaTOplr11r1 BbiC0Klr1X 3Heprni:.; Ol/lrlv1 Ailfl npoBeAe

Hlr1fl lr1CC11eAOBaH1r1i:.; Ha Clr1HXpocpaaoTP0He lr1 Clr1HXp0TpoHe l,1<S>83 (npoTBlr1HO) CTa11 

coa,qaeaTbCfl PflA 3KCnep1r1MeHTa11bHblX cplr131r14eCKlr1X yCTaH0B0K H0B0ro Tlr1na C 1r1c

no11b30BaH1r1eM 311eKTp0HHblX MeTOA0B perlr1CTPa41r11r1 lr1Hcp0pMa41r11r1, no11Y4aeMoi:.; C 

AeTeKTopoe. 8 npaKT1r1Ke Q)lr131r14eCK0ro 3KCnep1r1MeHTa Ha4a111r1 Wlr1P0K0 1r1cn0I1b30-

eaTbCfl (1) TaK1r1e MHoroKaHa11bHble AeTeKT0pbl, KaK npoeono4Hble KaMepbl, C41r1H

Tlr11111fll.llr10HHble, 4epeHK0BCK1r1e lr1 no11ynpoB0AHlr1K0Bble r0A0CKon1r14eCKlr1e Clr1CTeMbl; 

(2) Ma11ble 3BM, cne41r1a111r1a1r1poeaHHb1e Ailfl npo4eccoe ynpae11eH1r1s:1, 1r1 (3) 311eK

TP0HH0-Bb141r1c111r1Te11bHaR annapaTYpa M0AYilbHoro nma Ailfl per1r1CTpa41r11r1 1r1Hcpop

Ma41r11r1 c AeTeKTopoe, ee npeo6paaoeaH1r1s:1 e 41r1cppoeoi:.; K0A lr1 nepeAa41r1 e 38M. 

Ha np0Tfl>KeHlr11r1 noC11eAYIOLl..llr1X 11eT npo1r1CX0A1r1110 HenpepblBH0e coeepweHCT

eosaH1r1e TeXHlr14eCKlr1X cpeACTB 3KCnep1r1MeHTa, K0T0poe 6bll10 HanpasneH0 (1) Ha 

A0CTlr1>KeH1r1e 6011ee BblC0Koi:.; T04H0CTlr1 B onpeAe11eHlr11r1 0CH0BHblX Beillr141r1H, xapaK

Teplr13YIOLL.11r1X saa1r1M0Aei:.;CTs1r1e 4aCTlr14 1r1 f!Aep, (2). Ha per1r1CTpa41r110 npo4eccoe c 

BblCOKOi:.; MH0>KeCTBeHH0CTblO nos:1s11eHlr1fl BT0plr14HblX 4aCTlr14 lr1 (3) Ha BblAeI1eH1r1e 

peAKlr1X co6b1Tlr1i:.; B yc110Blr1f1X BblC0K0ro cpoHa. IIIMeHH0 3Tlr1 cpaKT0pbl 06ycr,os1r1111r1 

p0CT 41r1C11a KaHa110B per1r1CTpa41r11r1 lr1 CO0TBeTCTBY10LL.1ee yse111r14eH11e o6beMa 311eK

TPOHH0i:.; annapaTYpbl s c11CTeMax c6opa AaHHblX (CC,Q), yse11114eH1.1e cKopoCT1r1 pe

ll1CTpa41.11,1 C06blTl.1i:.;, ycoeepweHCTB0BaHl.1e cpeACTB Cl.1HXp0Hl.13a41,11,1 1,1 oneparnBH0-

ro K0HTP0ilfl aa X0A0M 3Kcnep1.1MeHTa. 

Bee 3T0 np1.1se110 K Heo6x0Al.1MOCTlr1 AailbHei:.;wero paas1.1T1r1s:1 1,1 cosepweHCTBo

BaH1.1R MeT0A0B noCTp0eHlr1fl CC,[\ 1.1 onpeAeill.1110 1,temt HaCTOR~ero lr1CCI18AOBa

Hi.tJI: 

• Bblpa6oTKY apx1.1TeKrypHblX np1.1H41.1nos n0CTp0eHl.1fl MH0rOKaHa11bHblX MHoronpo-

1..1eccopHblX c1r1CTeM c6opa A8HHblX; 

• npoBeAeHl.1e 1,1CC11eAOBaHl.1lil, HanpasneHHblX Ha yMeHbWeH1r1e MepTBoro speMeH1r1 

yCTaH0BKlr1; 
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• opraH"1384"1IO naparmenbHblX K8HaJlOB C'll,1TblBaH"1H "1Hq>OpMa41,11,1 c AeTeKTOpOB 

ycraHOBK"1; 

• C03AaH1,1e amop"1TMOB 1,1 cpeACTB, 06ecne41,1sa10~1,1x nposeAeH1,1e onepa41,11ii no 

ynaKOBKe A8HHblX 1,1 l,1X nepB"14HOlii coprnpOBKe B peanbHOM MaCWTa6e BpeMeH1,1; 

• C03A8H"1e cpeACTB opraH"13a41,11,1 MHoroKaHailbHblX MHOronpo4eccopHblX C1,1CTeM 

c6opa A8HHblX; 

• pa3pa60TKY cpeACTB 06beA"1HeH"1H MOAynelii HAepHolii 3JleKTpOH1,1Kl,1, Bbl41,1CJll,1-

TeilbHOlii TeXHl,1Kl,1 1,1 Bcex 1,1cnOilb3yeMblX KOMnblOTepoB 1,1 npo4eccopHblX MOAY

nelii B eA"1Hbllii KOMnneKc; 

• C03A8H"1e annapaTYPbl, anrop"1TMOB 1,1 nporpaMM, npeAH83Ha4eHHblX AilH opra

H"13a41,11,1 nepB"14HOlii o6pa6oTK"1 "1Hq>opMa41,11,1, a Ta10Ke opraH1,13a41,11,1 oneparns

Horo KOHTpOml 38 XOAOM npOBOA"1MblX 3KCnep"1MeHTOB. 

,Q1,1cceprn41,1H Han1,1caHa Ha OCHOBe pa6oT, BblnOilHeHHblX B TeYeH1,1e 1973-1998 

roAOB B fia6opaTOp1,11,1 BblCOK"1X 3Heprnlii OIIIHIII [1-49]. 

3Kcnep1,1MeHT8IlbHble 1,1ccneAOB8H"1H, npoBOA"1Mble B fi83 OIIIHIII, BcerAa 6bl

Jll,1 HanpasneHbl Ha peweH1,1e caMblX cospeMeHHblX 3aAa4 'B o6nacrn ¢>83 1,1 PH<!>. 

AKryaJlbHOCTb 3Tl,1X 1,1ccneAOBaH1,11ii BO MHOroM onpeAenstnacb pa3B"1T"1eM ycKop1,1-

TeilbHOlii 6a3i,1 na6opaTOp1,11,1_ B HaYane 70-x rOAOB B fia6opaTOp1,11,1 Ha c1,1Hxpoqia30-

Tp0He snepBble 6b1Jll,1 nonyYeHbl nyYK"1 penHT"1B1,1CTCKl,1X AeliiTpOHOB. 8 nocneAYIO-
\ 

~1,1e r0Abl Ha C1,1HXpoq>a3oTpOHe 6b1Jll,1 ycKopeHbl nyYKl,1 penHrnB"1CTCKl,1X HAep 1,1 no-

mlp"130B8HHblX Ael11TpOHOB. 8 1993 r. B na6opaTOp1,11,1 BblCOKl,1X 3Heprnlii BBeAeH B 

AeliicrB1,1e nepBbllii cne41,1an1,131,1poBaHHb11ii cBepxnpoBOAH~"11ii ycKo_p1,1Tenb HAep Ha 

BbtCOK"1e 3Heprn1,1 HYKJlOTPOH. Bee 3TO onpeAen1,1no a1rryanbHOCTb pa3p~60TK1,1 1,1 

C03A8H"1H annapaTHbtX 1,1 nporpaMMHbtX cpeACTB, o6ecne4"1BW"1X nocrpoeH1,1e c1,1c

TeM aBT0MaT"13a41,11,1. 1,1 c6opa A8HHblX AilH PHAa YH"1K8IlbHblX 3KCnep1,1MeHTaJlbHblX 

qi1,131,14ecK1,1x ycraHOBOK, a TalOKe PHAa c1,1creM 1,1 CTeHAOB 6a30BblX ycraH0B0K na60-

paTOp1,11,1 BblCQKl,1X 3Heprnlii OIIIHIII. 3TO - <!>OTOH, Anb<l>A, 6111C, KPIIICTAnn, 

,QIIICK, CHO; rlll6C, C<l>EPA, MeAneHHbllii BbtB0A nyYKa yacrn4 1,13 c1,1Hxpoq>a3oTpo

Ha "1 AP-

YposeHb Tpe60BaH1,11ii K opraH"13a41,11,1 C"1CTeM c6opa A8HHblX BO MH0r0M onpe

AenHeT 06w1,1pHaH nporpaMMa 1,1ccneA0BaH1,11ii fia6opaTOp1,11,1, a TalOKe w1,1p0Koe yYa

crne yYeHblX fi83 B pa6oTe Me)K,qyHap0AHblX K0JlJleKTl,1BQB np1,1 npoBeAeHl,11,1 1,1ccne-
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AOB8H"11ii B fi83, 111<1>83 (npoTB"1HO) 1,1 PHAe Apyr1,1x BeAy~1,1x HayYHblX 4eHTpOB 

(L\EPH, <l>HAn, ,QE3111 1,1 AP-)- 3Kcnep1,1MeHTanbHbte ycraHOBK"1 fia6opaTop1,11,1 C03Aa

Ban1,1cb AJlH npoBeAeH"1H 1,1ccneAOB8H"11ii Ha yCKOp"1TeilHX 3aps:i>KeHHblX 4acrn4 1,1 6bt

Il1,1 op1,1eHrnpoBaHbl Ha "1MnynbCHbtlii aHan1,13 1,1 "1AeHrnq>1,1Ka41,110 MHO>KeCTBa BTOpi,14-

HblX 4acrn4 B 06nacr1,1 3Heprnlii OT 100 MaB AO HeCKOilbKl,1X AeCHTKOB r3B. 3m 06-

CTOS'lTeilbCTBa np1,1sen1,1 K He06XOA"1MOCT"1 nocrpoeH"1H BblCOKonpo1,13soA"1TeI1bHblX 

CC,Q, KOTOpble no3B0Jll,1Jll,1 6bl perncrp1,1poBaTb'AOCTaT04HOe KOJl1,14eCTBO C06btrnlii 

1,13y4aeMoro qi1,131,14ecKoro npo4ecca 3a M"1H"1ManbHO B03MO>KHoe speMs:i ee 3Kcno-

31,141,11,1 Ha ycKOp"1Tene. CTporOCTb 38A8Hl,1S'l 3apaHee onpeAeneHHOlii Bbl60pK1,1 C Ae

TeKTopoB B HeKOTOpOM "1HTepBane BpeMeHl,1 onpeAenHeT AOillO none3HblX C06b1rnlii, 

KOTOpaH COAep>K"1TCH BO MHO>KecTBe Bcex 3aperncrp1,1poBaHHblX co6blTl,11/1. Y>KeCTO

YeH1,1e Kp"1Tep1,1es OT6opa BeAeT K yBeJl"14eH"1IO AOill,1 none3HblX co6btT"1111, HO np1,1 

3TOM MO>KeT np1,1secr1,1 K noTepe 1,1111,1 He per1,1crpa41,11,1 3H84ITTeJlbHOIII Yacrn aKTOB 

1,13y4aeMoro qi1,131,14ecKoro npo4ecca. KoMnpoM1,1cc B Bbt6ope Kp1,1Tep1,1eB nepB"14Horo 

oT6opa B03MO>KeH n1,1wb np1,1 T~aTenbHOM aHan1,13e cne41,1qi1,14ecK"1x oco6eHHocrelii 

KOHKpeTHOIII qi1,131,14ecKOIII ycTaHOBKl,1 1,1 1,13y4aeMoro HBJleH"1S'l. 

OcHOBHOM 3aAa'leM CCA s:isns:ieTCH perncTpa41,1s:i MaKCMManbHO B03MO>KHO· 

ro KOJlM'l8CTBa none3HblX C06blTMM. Ha 3T0T npo4ecc B nepsyio 0YepeAb BJ1"1HIOT 

3q>q>eKrnBH0CTb oT6opa co6blT1,11/1 1,1 BpeMS'l, 3aTpa4"1BaeMoe Ha 4TeH"1e A8HHblX 0 

co6b1rn1,1, 4TO BO MHOr0M 38B1,1Cl,1T OT cnoco6a opraH"13a41,11,1 CC,Q. 

CneAyeT OTMernTb, 4T0 Ka)K,qaH 3KCnep1,1MeHT8IlbHaH ycTaHOBKa HBJls:leTCS'l 

YH"1K8IlbHblM C0OpY>KeH"1eM, OCHOBaHHblM Ha "1HA"1B"1AY8IlbHOM Ha6ope AeTeKTopoB, 

1,1 npeAH83Ha4eHa AJlH npoBeAeHl,1H PHAa cne41,1qi1,14eCKl,1X 1,1ccneAOB8Hl,11/1. Apx1,1TeK

TYP8 CC,Q, C03AaBaeMblX AilH arnx ycraH0BOK, A0n>KHa oTpa>KaTb 1,1x cne41,1¢1,1KY 1,1 

YH"1K8IlbHOCTb, a TalOKe HeCTl,1 B ce6e 3JleMeHTbl YH"1BepcanbHOCT1,1 1,1 B03MO>KHOCT1,1 

nepeCTpOI/IKl,1 n0A peweH"1e H0BOI/I 3KCnep1,1MeHT8IlbHOIII 38A841,1. 

Hay'IHaH HOBM3Ha M 3H3'1MMOCTb A"1CCepT81.1"10HHOIII pa60Tbl 38KI1I048IOTCH B 

npeAJlO>KeHl,11,1 1,1 pean1,13a41,11,1 PHAa HOBblX KpynHblX op"1r"1H8JlbHblX MeTOA"14eCKl,1X 

peweHl,11/1 1,1 C03A8Hl,11,1 Ha l,1X OCHOBe YH"1K8IlbHOI/I 3KCnep1,1MeHT8JlbHOIII annapaTYpbl. 

BHeApeH"1e 3T"1X peweHl,11/1 BHecno 3H84"1TeJlbHbllll BKI18A B opraH"1381.1"1IO BblCOKO

npo1,13soA"1TeI1bHOr0 c6opa A8HHblX C 3KCnep"1MeHT8IlbHblX ycTaH0BOK, pa6oTalO~l,1X 

no nporpaMMe 1,1ccneA0BaH1,1111 fi83 OIIIHIII, 1,1 TeM caMblM cnoco6crBosano ycKope-
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H"1IO HayYHO-TeXH"14eCKOro nporpecca B 0611acnt cj:i1,13l,1Kl,1 4acnt4 BblCOKl,1X 3Heprnlli 1,1 

pemrTl11B"1CTCKOlli RAepHolli cj:i1,13l,1Kl,1. 

npeAJlO>KeHbl op1,1rnHailbHble MeTOAbl nocrpoeH"1R MHOroKaHanbHblX MHOro

npo4eccopHblX CC.Q B BHAe eAHHOH HHcj:iopMa4HoHHOH CHCTeMbl. CC.Q 06beA1,1-

HReT aneKTpOHHble MOAY11"1, OTBeTCTBeHHble 3a perncTµa41,1t0 c1,1rna110B C AeTeKTO

poB 1,1 1,1x npeo6pa30BaHi.1e B 41,1cj:iposolli KOA, annapaTHble npo4eccopbI 1,1 3anoM1,1-

Hat0~1,1e ycrpollicrsa, Heo6xoA"1Mble AJlR ocy~ecrs11eHi.1R npeABap1.1TeI1bHolli o6pa-

6oTKl.1 3aperncrp1,1poBaHHOlli "1HcjJ0pMa41,11,1_ Oco6oe MeCTO 1,1rpat0T MeTOAbl nepeAa-

41,1 "1HcjJOpMa41,11,1 Me>KAy MOAYilRMl,1 c1,1creMbl, KOTOpble pea111,13osaHbl 3a C4eT pa3-

pa60TKl,1 "1HTepcj:iellicoB 38M 1,1 KaHailOB BHewHelli cern, pa3H006pa3HblX KOHTponne

poB, MOAynelli C1,1HXpOHl.13a41,11,1 1,1 APY™X scnoMoraTeilbHblX MOAynelli. 8 C"1CTeMe 

npeAYCMOTpeHbl cne41,1a11bHble Mepbl no o6ecne4eHl,1IO He06XOA"1MOro l.1HcjJOpMa41,1-

0HHOrO npoCTµaHCTsa: npeAJlO>KeHbl cpeACTBa no o6beA"1HeHl,1IO OAHOPOAHblX l,1H

cj:JopMa41,10HHblX KaHailOB, BblnOilHeHHblX B OAHOM 1,1 TOM >Ke CTaHAapTe, 1,1 Marncrpa

nelli, BblnOilHeHHblX B pa3111,14HblX CTaHAapTax. 8 KaYecrse OTAeilbHblX cerMeHTOB 

"1HcjJOpMa41,10HHblX KaHailOB 1,1cnOilb3YIOTCR TaK1,1e CTaHAapTHble Marncrpa111,1, KaK 

CAMAC, VME, Fastbus 1,1 AP- .QnR ycTaHOBOK c Tµe6osaHi.1RM1.1, npesbIwa10~1,1M1,1 

B03MO>KHOCTl,1 CTaHAapTHblX cpeACTB, pa3pa60TaHbl cne41,1a111,131,1posaHHble cpeACTBa 

nepeAa41,1 "1HcjJOpMa41,11,1_ PeweHbl npo6neMbl no C03AaHl,1IO l,1HTepcj:JeHCOB, op1,1eHT1,1-

poBaHHblX Ha MaKC"1Ma1lbHOe 1,1cnOilb30BaH1,1e TaK"1X pecypcoB KaHail0B BBOAa

BblBOAa 38M, KaK nponycKHaR cnoco6HOCTb 1,1 BpeMR OTK1ll,1Ka Ha c1,1rHa1lbl npepbl

BaH"1R. O6ecne4eHO BblnOI1HeH1,1e ycnos1,111i AJlR npi.1eMa MaKCHManbHO B03MO>KHO

ro KOilH'feCTBa C06blTHH 1,13yYaeMblX B 3KCnep1,1MeHTe npo4ecc0B . .Qmi 3TOro o6ec

ne4eHo peweH1,1e npo6neM, CBR3aHHblX C MHHHMHJa4HeH MepTBOrO epeMeHH np1,1 

npi.1eMe l,1HcjJOpMa41,11,1 Ha OAHO co6b1rne. npeAilO>KeHbl MeTOAbl Cl,1HXpOHJ,13a41,11,1 

npo4ecca c6opa .QaHHblX no ci.1rHanaM ycKop1.1Te11R, ynpas11Rt0~1,1x npo4eccopos, 

nO,QC1,1CTeM oT6opa C06brr1,111i 1,1 K0MaHAaM onepaTOpa. Pa3pa6oTaHbl MeTOAbl 1,1 

cpeACTBa KOHTpOilff 3a X0A0M 3KCnep1,1MeHTa B peanbH0M MaCWTa6e BpeMeHl.1. 

MeTO,Q1,14eCKl,1e 1,1CCJle,Q0BaHlMI, CBR3aHHble C pa3pa6oTKolli annapaTHblX 1,1 npo

rpaMMHblX cpeACTB opraH1,13a41,11,1 MH0roKaHailbHblX CC.Q B Jla6opaTop~11,1 BblC0Kl,1X 

3Heprnlli, npoB0,Ql,11ll,1Cb AilR apx1,1TeKTypbl CC.Q KaK C 4eHTpa111,13osaHHblM, TaK 1,1 c 

pacnpe.QeneHHblM ynpas11eHi.1eM. 
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npaKTH'feCKaff yeHHOCTb nonyYeHHblX pe3y1lbTaTOB C0CTOl.1T B peweHl,11,1 npo-

6neM no opraH1,13a41,11,1 MHoroKaHailbHblX MHoronpo4eccopHblX c1,1creM c6opa AaH

HblX peaJlbH0ro speM~Hl,1 AilR 3KCnepi.1MeHTa1lbHblX ycraHOB0K, npeAHa3Ha4eHHblX 

AJlR pa60Tbl Ha ycKop1,1TeI1RX 3apR>KeHHblX 4acr1,14. 

MeTOAbl ci.1HxpoH1.13a41,11,1 npo4ecca c6opa AaHHblX no c1.1rHa11aM ycKopi.1TenR, 

Cl.1CTeM OT6opa co6b1rnlli 1,1 KOMaHAaM onepaTopa, pa3pa6oTaHHble AilR nepBblX C1,1C

TeM c6opa AaHHblX Ha Ill,1Hl,11,1 c Ml,1Hl,1-38M, 1,1cnoI1b3YIOTCR AO HaCTOR~ero speMeHl,1. 

Ci.1cTeMHb111i KpelliT CAMAC nocnY>K1,1n ocHosolli AJlR C03AaH"1R cneAyt0~1.1x c1,1c

TeM: 1,13MepeH"1R 1,1 K0HTp0ilR napaMeTp0B Ha Ci.1Hxpocj:Ja30TpoHe; c6opa AaHHblX AJlR 

aKcnepi.1MeHTaI1bHblX ycraH0B0K Jl83 61,,1C-2, Anbcj:Ja, Kp1,1cra1111, CHO, .Ql,,1CK-2 1,1 

npoTOrnna aAp0HHoro Kanopi.1MeTpa ycraH0BK"1 .QEJl<l>l,,1 (~EPH); asT0Marn3a41,11,1 

6ycTepHoro C1,1HXpOTp0Ha B 1,,1<1>83 (npoTBl.1H0). <l>yHK4"10Ha1lbHble B03M0)KHQCTl,1 

MHoronpo1..1eccopHolli Mari.1cTpa111,1 c1.1cTeMHoro KpelliTa KAMAK cri.1My111,1posa111,1 pa3-

pa60TKY AilR Hero PRAa A0n0JlHl,1Te1lbHblX MOAynelli, KOT0pble o6ecne4"1Ba111,1 Bbl

no11HeH1.1e cne1..11,1cj:i1,14ecKl.1X cj:JyHKL.1"111i ynpasneHl.1R n0T0KaMl.1 np"1H"1MaeMblX AaHHblX 

Ha ycraHOBKe 61,,1C-2 1,1 npoTOrnne aAp0HH0ro Ka11op1,1MeTpa ycTaH0BKl,1 .QEJl<l>l,,1. 

npoBeAeH1,1e 3Kcnep1.1MeHT0B Ha ycraH0BKax, KOTOpble 6bl1ll,1 C03AaHbl C 1,1c

nOilb30BaH1,1eM cpeACTB, paccMaTµl,1BaeMblX B Al.1CCepTa1..1i.10HHOH pa6oTe, no3B0111,1-

110 nony41.1Tb 1..1e11b111i PRA ¢YHAaMeHTa1lbHblX pe3y1lbTaTOB B o6nacrnx <1>83 1,1 P.fl<I>: 

• A"1¢cj:JepeHL1"1ailbHble ce4eH"1R po>KAeHl.1R Tj-Me30H0B np1,1 3,3 ra8/c (yCTaHOBKa 

<!>OTOH); 

• o6HapY>KeH"1e 4acr1,11..1 C HeHyneBblM KBaHTOBblM 41,1C110M "04aposaH1.1e", xapaKTe

p1,1cr1,11<1,1 po>KAeH1,1n HelliTµoHaMl.1 c aHeprnelli 40 f38 A,; mnepoHoB, aHrnrnnepo

H0B, 04apoBaHHblX 6ap1,10HOB 1,1 Y3KOro 6ap1,10HH0ro pe30HaHca N(1960) Ha ycra

H0BKe 61,,1C-2; 

• cneKTpbl cj:JparMeHTa1..11,11,1 pe11RTl,1B1,1CTCK1,1X RAeP AelliTep1.1S1 1,1 re111.1R 1,1 AaHHble no 

B036Y>KAeH1.110 AeilbTa 1,1306ap B RApax B npo1..1ecce nepe3apRAK"1 
3
He B Tµ"1rnlli 

Ha ycraH0BKe AJlb<l>A; 

• ce4eHl.1R KYMYilRfflBHOro P0>KAeHl.1R Me30H0B, npoTOH0B 1.1 6ap"10HHblX C"1CTeM Ha 

ycraH0BKe .Q1,,1CK-2; 
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• xapaKTepV1CTI1KV1 npo4eccos ynpyroro VI Heynpyroro B3aVIMop,eHCTBVIR 11erKV1X 

Rp,ep, 06Hapy,KeHV1e BblCOKOB036Y)KJJ,eHHblX COCTORHVIH VI JJ,Vlq>q>epeH4V1aJ1bHble 

Ce4eHVIR BblXOJJ,a 4He Ha yCTaHOBKe C71O; 

• 3KCnepVIMeHTailbHble JJ,OKa3aTeJlbCTBa O B03MO>KHOCTVI OTKJlOHeHVIR nY4Ka npoTO

HOB c 3HeprV1eH 8,4 r38 Vl30rHYTblM MOHOKpV1cTa11110M Ha ycTaHoBKe KP111CTAJln; 

• CBOHCTBa o6pa30BaHVIR 3K30Tlr14eCKVIX RP,ep (rnnepRp,ep, p,eJlbTa-Rp,ep) Ha ycrn

HOBKe rll16C; 

• BeJlVl4VIHbl A-3aBVICVIMOCTI1 Ce4eHVIH q>parMeHTa4V1V1 pe11RT1r1BVICTCKVIX JJ,eHTPOHOB 

B KYMYilRTlr1BHble 7t. -Me30Hbl Ha RP,pax ymepop,a, aJllOMVIHVIR, MeJJ,VI VI CBVIH4a; 

cneKTpbl 6b1CTpblX KYMYilRTlr1BHblX 1t" -Me30HOB B 3aBVICVIMOCTVI OT MHO>KecTBeHHO

CTI1 conpoBo>KJJ,alOl.1.IVIX 3apR>KeHHblX 4aCTI14 Ha yCTaHOBKe C<l>EPA. 

C03JJ,aHVle cpep,CTB Vl3MepeHVIR VI KOHTPOilR napaMeTpOB Ha CVIHXpoq>a30TpOHe 

o6ecne4VII10 COKpa1.1.1eHV1e speMeHVI, He06XOJJ,VIMOro JJ,IlR HaCTpOHKVI YCKOPVITeJlR VI 

P,IlR nepexop,a C OJJ,Horo pe>KVIMa pa60Tbl Ha p,pyroH. 3TO B 3Ha4V1TeJ1bHOH CTeneHVI 

cnoco6cTBOB8JlO YilY4WeHV1IO napaMeTpos nY4Ka 4aCTV14, BblBOJJ,VIMOro Ha q>Vl3V14e

CKVle ycTaHOBKVI. PRp, pa3pa6oTOK o6ecne4VII1 co3p,aHV1e CTeHp,a no opraHV1Ja4V1V1 as

TOMaTVl3VlposaHHoro Vl3MepeHVIR TeMnepaTYpbl csepxnpOBOJJ,RL11ero MOJJ,eJlbHOro 

CVIHXpOTpOHa cn111H VI TeM caMblM cnoco6CTBOBaJl pa3BVITlr110 MeTOJJ,OB no opraHV1-

3a4V1V1 KpVloreHHblX ycKopV1Te11eH. ll1cno11bJOBaHV1e p,paHsepa · BeTBVI CAMAC p,nR 

WVIHbl Qbus n03B0JlVIJ10 C03JJ,aTb CVICTeMy ynpasneHVIR q>yHKL.\VIOHVlpOBaHVleM VICT04-. 

HVIKa nonRpVIC - KpVloreHHoro VICT04HV1Ka nonRpV130BaHHblX p,eHTpOHOB P,IlR YCKOpVI

TeJlbHOro KOMnJleKca nB3. 

ABTop 3auu-11llaeT HaCTORllleM pa6oToM: 

1. Co3p,aHVle HOBblX, HaY4H0 o6oCHOBaHHblX TeXHV14eCKVIX peweHVIVI no pa3pa60TKe 

apxV1TeKrypHblX npV1H4V1n0B noCTp0eHVIR MHoroKaHaJlbHblX MHoronpo4eccopHblX 

CVICTeM c6opa p,aHHblX P,IlR 3KCnepV1MeHTaJ1bHblX yCTaH0B0K, pa60Ta10L11VIX B 06-

IlaCTVI q>Vl3VIKVI 4aCTV14 BblC0KVIX 3HepmH VI peilRTlr1BVICTCKOH RJJ,epH0H q>Vl3VIKVI. 

BHep,peHVle 3TVIX peweHVIVI BH0CVIT 3Ha4VITeJlbHblVI BKJlaJJ, B ycKopeHVle HaY4H0-

TeXHV14eCK0ro nporpecca. 

2. Pa3pa60Tey nepsoro B CTpaHax-y4acTHV14ax 011171111 ycTp0HCTBa c ynpas11eHV1eM 

OT MHOr04VICJleHHblX VICT04HVIK0B (0PVlrVIHaJlbHblVI CVICTeMHblH KpeHT CAMAC), K0-

Topoe o6ecne4VIBaeT C03JJ,aHVle YHVIBepcanbHblX MH0r0KaHaJlbHblX MHoronpo4ec-
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copHblX CVICTeM c6opa p,aHHblX, 0pVleHTVlp0BaHHblX Ha pa60TY B peaJlbH0M MaC

WTa6e speMeHVI B 3KcnepV1MeHTaJ1bHblX yCTaH0BKaX B 0611aCTRX <l>B3 VI P71<l>. 

- 3. C03JJ,8HVle MHoroKaHaJlbH0r0 MHOronpo4eccopHoro VIHq>0pMa4V10HH0ro K0MnJleK

ca peailbH0ro speMeHVI, RBilRIOl.1.lerocR 0CH0B0VI JJ,IlR opraHV13al\VIVI CVICTeMbl KOH

TP0ilR VI ynpasneHVIR napaMeTpaMVI Mep,neHHoro BblB0p,a nY4Ka 4aCTVIL.\ CVIHXp0-

q>a30TpoHa. 

4. Pa3pa60TKY VI C03JJ,8HVle MHOroKaHaJlbHOH CVICTeMbl c6opa p,aHHblX VI K0MnneKca 

annapaTHblX VI nporpaMMHblX cpep,CTB, snepBble B CTpaHax-y4aCTHV14ax 011171111 

o6ecne4VIBWVI perV1CTpa4V110 3KCnepV1MeHTaJ1bHblX JJ,8HHblX Ha JlVIHVIVI C MailOH 

3BM s peanbH0M Macwrn6e speMeHVI npVI nposep,eHVIVI VICCilep,osaHVIH pap,Vla

L.\VI0HHblX pacnap,0B pe30HaHC0B Ha 3KCnepV1MeHTailbH0H yCTaH0BKe <l>OTOH. 

5. Pa3pa60TKY BblC0K0HaJJ,e>KH0ro ~ 3K0H0MVl4eCKVI 4e11ecoo6pa3HOro ycTp0HCTBa 

p,nR WVlp0Koro Kpyra 11a6oparnpHblX npV1MeHeHV1H no opraHV13al\V1VI op,Honpo4ec

copHblX MH0r0KaHailbHblX VIHq>0pMal\VI0HHblX CVICT~M, ynpaBJlReMblX MV1Kpo3BM 

C MarVICTpailblO Qbus. 

6. Pa3pa60TKY anropVITMa pa6oTbl VI co3p,aHV1e annapaTHoro npo4eccopa no 

ynpas11eHV1io npo4eccaMV1 C>KaTVIR VIHq>OpMa4VIOHH0-V136blT04HblX p,aHHblX VI ne

peK0JJ,Vlp0BKVI p,aHHblX C p,eTeKTopos r0JJ,0CK0nV14eCK0r0 rnna B pe>KVIMe peanbH0-

ro speMeHVI. Pa6oTbl no V1HTerpa4V1V1 3Toro npo4eccopa B coCTas CVICTeM c6opa 

p,aHHblX 3KCnepVIMeHTaJlbHblX ycTaH0B0K 6111C-2 VI Anb<l>A. 

7. Co3p,aHV1e snepsb1e s CTpaHax-y4aCTHV14ax 011171111 H0Boro cnoco6a opraHV1Ja4V1V1 

CVICTeM c6opa p,aHHblX C VICn0ilb30BaHVleM MarVICTpailbHO-MOJJ.YilbHOH WVIHbl 

VME, 4T0 o6ecne4VIBaeT ynpas11eHV1e CVICTeM0H OT MH0r04VICJleHHblX VICT04HVIK0B 

VI opraHV13a4V110 napa1111e11bH0H pa60Tbl HeCK0JlbKVIX npo4eccopHblX YCTP0HCTB, a 

TaK>Ke no3B0JlReT o6beJJ,VIHRTb B paMKaX ep,VIH0H VIHq>OpMal\VIOHHOH CVICTeMbl 

311eKTpOHHy10 annapaTYPY, Bbln011HeHHy10 s pa3IlVl4HblX cTaHp,aprnx (CAMAC, 

FASTBAS, VME). Op~aHV1Ja4V110 CVICTeMbl c6opa p,aHHblX cneKTpoMeTpa C<l>EPA 

Ha 0JJ,H0M Vl3 3Tanos ee C03JJ,aHVIR Ha 0CH0Be 3T0r0 cnoco6a. 

8. Pa3pa60TKY K0MnneKca annapaTYpbl s crnHp,apTe VME VI BHep,peHVle ere s co

cTas CVICTeMbl c6opa p,aHHblX cneKTpOMeTpa C<l>EPA VI MH0ronpo4eccopH0H 

nOJJ,CVICTeMbl ynpasneHVIR L.\VIKil0M csepxnp0B0JJ,Rlllero CVIHXP0TpoHa cn111H. 

9. Pe3yilbTaTbl VICCJleJJ,0BaHVIH no C03JJ,aHVIIO MH0ro4e11esoro MVIKponporpaMMVlpye

M0ro p,paHBepa seTBVI CAMAC B CTaHp,apTe VME, n0Jso11R101.1.1ero o6pa30BblBaTb 
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AO BOCbMll1 CTaHAapTHblX BeTBe~ CAMAC 111 Bbln011Hf!Tb pacw111peHHbl~ PflA one

pa1.1111'1 no ycKopeHll1IO nepeAa4111 MaCCll1B0B AaHHblX 1113 MOAyne~ pernCTpa1.1111111. 

10. Pa3pa60TKY anrop111TMOB ycKopeHHO~ nepeAa4111 111HcpopMa1.1111111 1113 rpynn perncT

pos. AHa111113 111 TeopeT1r14eCKOe 060CHOBaH111e MeTOAOB, HanpasneHHblX Ha 3Ha4111-

Te11bHOe yMeHbWeH111e (B HeCKOllbKO pa3) MepTBOro speMeH111 3KCnep111MeHTa1lb

HblX yCTaHOBOK np111 np111eMe ll1HcpOpMa1.1111111 0 co6b1Tlr1111 3a C4eT ycKopeHll1fl nepe

Aa4111 3KCnep111MeHTa1lbHblX AaHHblX 111 C>KaTlltfl ll1HcpOpMa1.11110HH0-11136blT04HblX 

AaHHblX. 

11. npoBeAeH111e aHa111113a. MHOronpo1.1eccopHblX Cll1CTeM, op111eHT1r1pOBaHHblX Ha na

pa1111e1lbHYIO o6pa60TKY co6b1T1r1~. Pa3pa6oTKY sap111aHTa c111CTeMbl napa1111e11b

Ho~ o6pa60TKll1 3KCnep111MeHT81lbHblX A8HHblX Ha OCHOBe OAHOnllaTHblX npo1.1ec

copos B CT8HAapTe VME. C03A8Hll1e npOTOT111na Cll1CTeMbl napa1111eI1bHO~ o6pa-

60TKll1 A8HHblX, COCTOf!IJ.lero 1113 Tpex npo1.1eccopos, 111 111cc11eAOBaH111e ero pa60Tbl 

np111 Bbln011HeH111111 Tlr1n1114HblX 38A84 o6pa60TK111 A8HHblX, nony4eHHblX co cneKTpo

MeTpOB 311eMeHTapHblX 4aCTll11.1 B <t>B3. 

0CHOBHble pe3y11bT8Tbl, 1113110>KeHHble B A111CCepT81.11110HHO~ .pa6oTe, AOK118Ab1B811111Cb 

Ha Me)l{AyHapOAHblX Cll1Mn03111yMax no flAepHo'1 311eKTpOHll1Ke B 6yAanewTe (1973), 

,Qy6He (1975 111 1985), 6paT111c11ase (1983), Bapwase (1990 111 1992), BapHe (1994 111 

1997), Ha COBelJ.18Hll1111 no nporpaMM111p0B8Hll1IO 111 MaTeMaTlr14eCK111M MeTOA8M pewe

Hll1fl q)11131114eCKll1X 38A84 B ,Qy6He (1973), Ha BCeCOI03HOM COBe1J.1aH111111 no aBTOMaTIII·: 

3a1.1111111 H8Y4HblX 111cc11eAOBaH111~ B flAepHo~ q)ll13111Ke B K111ese (1976), Ha Me>KAyHapoA~ 

HOM c111Mno3111yMe "Electronic Instrumentation in Physics" s ,Qy6He (1991), Ha Me>KAy

HapoAHblX KOHcpepeH1.1111flX "OPEN BUS SYSTEMS'92 in Research and Industry" s 

L\10p111xe (1992) 111 "REAL TIME DATA 1994 with emphasison DISTRIBUTED FRONT

END PROCESSING" s ,Qy6He (1994), Ha Me)l{AyHapOAHOM COBe1J.1aH111111 "Pe11flTll1B111-

CTCKafl flAepHasi cp1113111Ka: OT coTeH M3B AO T3B", s BapHe (1998). MaTep111a11b1 A111C

cepTa1.1111111 OTpa>KeHbl B 49 ne4aTHblX pa6oTax [1-49] B B111Ae npenp111HTOB 111 C0061J.1e

Hll1~ 01,1711,1, CTaTe~ B c6opH111Kax "KpaTKll1e C0061J.1eHll1fl 01,1711,1", "<t>ll13111Ka 311eMeH

TapHblX 4aCT1111.1 111 aTOMHoro flApa", >KYPHanax nT3, CAMAC Bulletin, HyK11eoH111Ka, 

IEEE Trans. on Nucl. Science, Nuclear Instruments and Methods, Nucl. Instr. and 

Meth. in Physics Research, a TaK>Ke s c6opH111Kax TPYAOB cose1J.1aH111~. c111Mno3111yMoe 

111 KOHcpepeHl.1111~. 
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CTpyKTypa s111ccepTay111111 OTBe4aeT 11136paHH0~ TeMe. ,Q111ccepTaL1111fl COCTOll1T 1113 

BBeAeHll1fl, nflTIII mas 1,1 38K11I04eHll1fl, COAep>KL-1T 173 crpaHL-11.lbl TeKCTa, 90 p111cyHKOB, 

- 7 Ta6111-11.11-1 cnll1COK llll1TL-1pyeM0'1111-1TepaTYpbl 1113 146 Ha111MeHOBaH1-1'1 . 

Bo seeseHl,tl,t .aaeTCfl KpaTKafl xapaKTeplr1CTll1Ka OCHOBHblX cpaKTOpOB, 06y

c11ae11111sa10IJ.IL-1X coeepweHCTBOBaH111e TeXHll14eCKll1X cpeACTB c6opa AaHHblX Allfl 3KC

nep111MeHT811bHblX cp11131-14eCKL-1X yCTaHOBOK, npeAHa3Ha4eHHblX Allfl npoeeAeHll1fl 111C-. 
c11eA0BaH111'1 B 0611aCT111 cp1113111Kll1 48CTL-11.1 BblCOKL-1X 3Heprn'1 1-1 pe11f!TL-1B111CTCK0'1 f!Aep-

H0'1 cp11131-1KL-1. OnpeAelleHbl 1.1e11111 111cc11eAOBaH111'1, HanpaeneHHblX Ha pa3B111Tll1e 1-1 co

eepweHCTBOB8H111e MeTOAOB nocrpoeHll1fl Cll1CTeM c6opa A8HHblX. noKa3aH_a aKry-

811bHOCTb, Hay4Hafl H0B1113Ha 1-1 3H84111MOCTb pa3pa60TKL-1 1-1 C03AaHll1fl annapaTHblX 1-1 

nporpaMMHblX cpeACTB, o6ecne4111BWL-1X noCTpoeH111e Cll1CTeM aBTOM8Tlr138l.11111-1 111 c6o

pa AaHHblX Allfl PflAa YHll1K811bHblX· 3KCnepL-1MeHTa11bHblX q)ll131-14eCKlr1X yCTaHOBOK, a 

TaK>Ke PflAa CL-1CTeM 111 CTeHAOB 6a30BblX ycTaHOBOK Jla6opaTOp1111,1 BblCOK111X 3Heprn'1 

01,1711,1. OnpeAeneHbl npaKTll14eCKll1e pe3y11bT8Tbl, f1B111BW111eCfl C11eACTBll1eM opraHL-1-. 
381.11111-1 MHoroKaHallbHblX MHoronpo1.1eccopHblX Cll1CTeM c6opa A8HHblX pea11bHOro 

epeMeHll1 Allfl 3KCnep111MeHTallbHblX ycTaHOBOK, npeAH83Ha4eHHblX Allfl pa60Tbl Ha 

ycKop111Te1lf1X 38pfl>KeHHblX 48CT111ll- CcpopMy11111poeaHbl OCHOBHble no11o>KeHll1fl, BblHO

Cll1Mble aBTOpOM All1CCepTa1.1111111 Ha 381J.1111TY, 

nepeaf! rnaea A111ccepTa1.1111111 nocBf!IJ.leHa noApo6HoMy paccMOTpeH11110 xapaK

Tep111cT111K 3KCnep111MeHTOB, npOl}OAll1MblX B <t>B3 111 P71<t> [1, 2, 3]. OCHOBH0'1 38A84e'1 

CC,Q flBllfleTCfl pernCTpal.1111fl M8KCll1M811bHO B03MO>KHOro K0111114eCTea none3HblX co-

6b1Tlr1'1. B caMOM 061J.1eM C11Y4ae 3KCnep111MeHTa1lbHYIO yCTaHOBKY MO>KHO npeACTa

B111Tb B B111Ae cxeMbl, np111BeAeHHO~ Ha p111c.1. 

( AeTeKTopb1 C111cTeMa c6opa 
A3HHblX 

YnpaW1f!IOU\llle 38M 111 
cpeACTBa apx111ea1.1111111 

Puc. 1. CxeMamu'leCKoe u306pa)l(eHue 3KcnepuMeHmanbHOii ycmaHOBKU. 

l,13 OnblTa noCTpoeHL-1fl CC,Q ClleAyeT, 4TO 3cpcpeKTlr1BH0CTb pa60Tbl ece'1 Cll1C

TeMbl BO MH0rOM 3aBL-1Cll1T OT MeT0AOB ee opraH1113a1.11111-1. CcpopMy11111poeaHbl np111Hl.lL-1-

nbl opraH1-13a1.11111-1 CC,Q. OpraHll13al.11110HHYIO OCHOBY CC,Q COCTaBllfllOT 311eMeHTbl CBfl-

31-1, 111HTepcpe'1cb1, a TaK>Ke npo1.1eccopb1 1-1 3BM. noKa3aHo, YTo pa3B1-1T1r1e cpeACTB 
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noCTpOeHIIIR MHOroKaHailbHblX CCA Ha npOTR)KeHl/1111 nocne,l:IHIIIX 30 neT WilO OT C03-

,ll8HIIIR O,llHOnpo4eccopHblX K MHoronpo4eccopHblM CIIICTeMaM. 
. ~ 

Cq>opMyn111posaH PRA MeTO,lll/14eCKIIIX 38,1:184, KOTOpble He06XO,lllllMO pewaTb np111 

noCTpoeH111111 o,1:1Honpo4eccopHblX CCA. Cpe,1:1111 HI/IX MO)KHO Bb1,1:1en111Tb 06be,1:1111HeH111e 

B e,1:1111Hy10 CIIICTeMy annapaTYpbl per111CTpa4111111, pacnono)KeHHOlil B HeCKOilbKIIIX Kpelil

Tax (:;AMAC [4], 111 C03,ll8Hllle IIIHTepq>elitcos CBR3111 C KaHanoM BB0,1:18-BblBO,lla 38M, 

ynpaBilHIOlJ.lelil c6opoM A8HHblX. np111se,1:1eHbl np111Mepb1 apx111TeKrypHoro noCTpOeHIIIH 

ocHOBHblX T111nos CCA, pewalOlJ.IIIIX 3Tlll 3a,1:1a4111. 

O6ocHosaH nepexo,1:1 K nocTpoeH11110 MHoronpo4eccopHblX CCA 4eHTpan1113o

saHHoro rnna, KOTOpble n03B0IlHillll 6b1, BO-nepBblX, nO,llKill048Tb K 38M 6onee 0,1:1-

HOlit CT8HA8PTHOlil BeTBIII CAMAC (7 KpelilTOB), B0-BTOpblX, ocylJ.leCTBilHTb AOCTaT04-

HO npOCTOlit nepexo,1:1 C 0,1:lHOro Tl/Ina ynpaBilRIOlJ.lelil 38M Ha ,1:1pyrolil Ill, B-TpeTblllX, 

o6ecne4111B8Tb BBe,1:1eH111e B CIIICTeMy HeCKOilbKIIIX ~CT04HIIIKOB ynpasneHIIIR. TaKIIIM 

cpe,1:1CTBOM CTan «c111cTeMHbllil KpelilT» CAMAC. OH 06ecne411111 co3,1:1aH111e MHoronpo-

4eccopHblX CCA, 4TO no3son111no B 3Ha4111TeI1bHOlit CTeneH111 noBblCIIITb Ka4ecTBo 3KC

nep111MeHTOB, ocylJ.leCTBilRR B peanbHOM speMeH111 npe,1:106pa60TKY Ill C)K8Tllle ,ll8H

HblX, q>IIII1bTpa411110 C06b1Tllllil, Kan1116posey Ill KOHTPOilb per111CTp111py10L11elil annapaTY

pbl. TaK KaK see 3IleMeHTbl ynpasneHIIIR «CIIICTeMHOro Kpeli!Ta» cocpe,llOT04eHbl Ha 

O,l:IHOM yposHe, TO CIIICTeMa OCTaeTCH 4eHTpan11130B8HHOlil. 3aTeM paCCMOTpeHbl 

cne,1:1yioL11111e 3Tanb1 pa3BIIITIIIH MHoroKaHanbHblX MHoronpo4eccopHblX CCA. 3To ne

pexo,1:1 K ,1:1pesos111,1:1Holil CTPYKTYPe, KOTopaH BHa4ane IIIMena CTPYKTYPY 111epapx1114e

cKoro T111na. AanbHelilwee pa3s111T111e TexHonor111111 onpe,1:1en111no co3,1:1aH111e CCA, s Ko

TOpblX Mo,1:1yn111 o6be,lllllHeHbl B ceTb. 

Aanee paccMaTp111B8IOTCR OCHOBHble cpe,llCTBa, 111cnOilb3yeMble ,llilR nocTpoe

HIIIR CCA. np111se,1:1eHo KpaTKoe on111caH111e CTaH,1:1apTos, onpe,1:1enH10lJ.IIIIX nocTpoeH111e 

Mar111cTpanbHO-Mo,1:1ynbHb1x c111CTeM VME, FASTBUS 111 ,1:1pyr111x. noKa3aHo, 4TO 0H111 

n03B0IlHIOT B 3H84111TeilbHOlil CTeneHIII yseill/14111Tb 4111CI10 KaHanoB per111cTpa4111111, ,1:1e

na10T ecTecTBeHHblM co3,1:1aH111e CTPYKTYPbl CCA c pa3,1:1eneH111eM noTOKOB ,1:1aHHb1x no 

,1:1eTeKTopaM, ynpolJ.lalOT npo4e,1:1ypy 06pa60TK111 Ha scex 3Tanax nepe,1:1a4111 111Hq>op

Ma4111111, o6ecne4111B8IOT per111cTpa411110 co6b1Tllllil C 06beMOM IIIHq>OpMa4111111 AO He

CKOilbKIIIX cOTeH K1111106alilT. AaHo on111caH111e BblCOKOCKopoCTHblX c111CTeM SCI, Fiber 

Channel, HIPPI, ATM, KOTOpb1e 06ecne4111saioT nepe,1:1a4y 6onbw111x noTOKOB ,1:1aHHblX 
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C onepaTIIIBHblM nepeKill04eHllleM 3TIIIX noTOKOB C MHOrlllX K8H8Il0B per111CTpa4111111 Ha 

MHO)KeCTBO npo4eccop0B o6pa60TKIII. 

CylJ.leCTBeHHOe sn111HH111e Ha apx111TeKTYPY CCA oKa3ano noHsneH111e MIIIKponpo-

4eccopos Ill BblnOilHeHHblX Ha I/IX OCHOBe BblCOKOnpOlll3BO,lllllTeilbHblX 0,1:lHOnnaTHblX 

38M [5]. OHi/i o6ecne4111Illll B03MO)KHOCTb o6pa30B8HIIIH IlOK8IlbHblX no,1:1c111CTeM per111-

CTpa4111111 no rpynnaM ,1:1eTeKTopos, B K8)1<,llolil 1113 KOTOpblX npo111cxo,1:11,1T C)K8Tllle, yna

KOBKa Ill nepB1114HaH o6pa60TKa A8HHblX annapaTHblMIII npo4eccopaM111, Ill opraHl/138-

4111111 MHOroypOBHesoro OT6opa C06b1Tllllil. C I/IX nOMOlJ.lblO opraHlll3YIOTCR 8BTOMaTlll-

3lllpOB8HHble 1113MepeHIIIH napannenbHO no HeCKOilbKIIIM KaHanaM per111cTpa4111111, 

ynpasneH111e 3Kcnep111MeHTOM, ,l:IOCT8T04HO npocTOe nO,llKill04eHl/le HeCT8H,llapTHOrO 

06opy,1:10BaHIIIH, 6blCTpbllil OTKillllK Ha ClllrH8Ilbl ycKop111TenR, yCTaHOBKIII Ill onepaTOpa, 

a TaK)Ke pa6oTa s peanbHOM MacwTa6e speMeH111. O,1:1H111M 1113 Ha1116onee np111Me4a

TenbHblX np111MeHeH111lil npo4eccop0B B COCTaBe CCA HBilHIOTCH npo4eccopHble 

q>epMbl (n<l>), npe,llH83Ha4eHHble ,llilH BblnOilHeHIIIH ·napannenbHblX Bbl4111CileHllllil Ill 

opraHl/1381..1111111 OKOH4aTeilbHOro OT6opa C06b1Tllllit. 

Aanee np111se,1:1eHbl np111Mepb1 noCTpoeHIIIR MHoronpo4eccopHblX CCA 3Kcnep111-

MeHTanbHblX ycTaHOBOK, KOTOpble npe,llH83Ha4eHbl ,llilH npose,1:1eHIIIR 3KCnep111MeH

T8IlbHblX 111ccne,1:10BaH111lil Ha YCKOPIIITeilHX Ha BCTPe4HblX nY4Kax. Apx111TeKrypa 3TIIIX 

CCA oTpa)KaeT Ha1116onee nepe,1:1osb1e HanpasneHIIIH III TeH,1:1eH4111111 s pa3s111rn111 Me

TOAIIIKIII nocTpOeHIIIR MHOroKaHailbHblX MHOronpo4eccopHblX Cl/lCTeM peanbHoro spe

MeHIII. PaccMaTplllBaeMble YCT8HOBKIII co,1:1ep)KaT 04eHb 60ilbWOe KOI11114eCTBO KaHa

IlOB per111CTpa4111111 Ill KOHTPOilH, a TaK)Ke npe,llbHBilHIOT npe,lleilbHble Tpe60B8HIIIH K 

TeXHlll4eCKIIIM xapaKTeplllCTIIIK8M 3IleKTpOHHOlil annapaTYPbl, K nponycKHOlil cnoco6HO

CTIII IllllHllllil CBH3111 111 np01113BO,lllllTeilbHOCTIII npo4eccopHblX 3IleMeHTOB. npo,1:1eMOHCT

p111posaH HOBbllil 3Tan B pa3s111T111111 apx111TeKrypb1 CCA Ha np111Mepax co3,1:1aHIIIH 3Kcne

p111MeHTaI1bHblX ycTaHOBOK ,1:1nR ycKop111Tenelil LEP L.\EPH III T3saTpOH s na6opaTOp111111 

IIIM. <l>epMIII, CWA. 3TO' opraHlll38l.llllR MHOroypoBHeBblX CIIICTeM OT6opa C06b1Tllllil Ill 

napannenbHOro C4111Tb1B8HIIIR A8HHblX C OT,lleilbHblX ,1:1eTeKTOpHblX no,1:1c111CTeM yCTa

HOBOK. OcHOBHaH 4aCTb annapaTYpbl CCA BbmonHeHa B cTaH,1:1apTax CAMAC, 

FASTBUS III VME, 4TO 06ecne4111saeT peweH111e npo6neM BMeCTIIIMOCTIII, opraH1113a-

4111111 KOMMyH111Ka41111it III pacnpe,1:1eneH111H npo4eccopos. AnR MHoro4enesb1x 3Kcnep111-

MeHT8IlbHblX ycTaHOBOK Ha ycKop111Tene HERA (raM6ypr) xapaKTepHO pa3,1:1eneH111e 

IIIHq>OpMa4111111 0 C06blTIIIIII Ha q>parMeHTbl Ill BBe,1:1eH111e KOHBelitepHolil o6pa60TKIII 
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¢parMeHT0B co6bln1.R. Ka>K,qbllll ~3 ¢parMeHTOB np0X0A~T 06pa60TKY B cen1 npo-

1..1eccopHblX YCTPOIIICTB, '-l~C110 K0T0pblX M0>KeT He cosnaAaTb C '-l~Cll0M AelleH~R co-

6bln1R Ha ¢parMeHTbl. np~ 3T0M Bbln011HRIOTCR onepa1..1~~ C>Kan1R, ¢opMaT~POBa

H~R. Bbl'-l~TaH~R nbeAeCTanos, Y4eTa Ka11~6poso1.1HblX sen~'-l~H ~ T. n. B CCA 3TI1X 

ycTaH0B0K ~cno11b3YIOTCR TaK~e cne1..1~a1lbHble annapaTHble cpeACTBa, KaK npo1..1ec

copHble M0AY11~, MH0r0BX0A0Bble 3Y ~ K0MMYH~Kal..l~~ A11R csepx6blCTp0111 nepeAa

'-1~ 6011bW~X Macc~B0B AaHHblX, a TaK>Ke 6blCTPOAel!ICTBYIOI.J..l~e nepeK11to'-laTe11~ no

T0K0B MH0ropa3pRAHblX A8HHblX C n BX0A0B Ha m BblX0A0B. 

Ha~6011ee nepeA0Bble ~Ae~ 3aK11aAblBatoTCR np~ opraH~3al..l~~ CCA ycrnHo

B0K A11R npoBeAeH~R ~cc11eA0BaH~111 Ha CTp0RI.J..l~XCR ycKop~Te11Rx LHC L.\EPH ~ 

RHIC 6pyKXeBeH. Ha ~T~ CCA 6yAeT noCTynaTb AO 109 co6b1n1111/c, '-IT0 np~ 107 Ka

Hanoa pernCTpa1..1~~ np~B0A~T K Heo6xoA~MOCT~ nepepa60TK~ 0K0110 1015 6a111T/C 

neps~'-IH0III ~H¢opMa1..1~~- np~ opraH~3a4~~ 3TI1X CCA ~cno11b3YtoTCR npaKT~'-leCK~ 

see ynoMRHYTble BbIwe MeT0A~'-lecK~e np~HL1~nbI. CosepweHCTBOBaH~e CCA nna

H~pyeTcR np0B0A~Tb 3a C'-leT ~cno11b30B8H~R 6011ee BblC0K0npo~3B0A~Te11bHblX 

npo1..1eccopos ~ opraH~3al..l~~ 6b1CTpoAe111CTsyto1.J..1~X K0MMYH~Ka1..1~111. AnR opraH~3a

LI~~ OT6opa co6bln1111 3-ro ~ 6011ee BblC0K~X ypoBHelll, a TaK>Ke A0CTyna 3Kcnep~

MeHTaTopoB K np~H~MaeMOIII ~H¢opMa1..1~~ c MH0r0'-l~ClleHHblX pa6o'-l~X npo1..1eccop

HblX CTaHL.1~111 npeAnonaraeTCR ~cno11b30BaTb ¢epMbl npo1..1eccop0B, 06beA~HeHHblX 

B ceTb. 

8 3aK11to'-l~TellbH0III '-lacrn maBbl c¢opMy11~pOB8Hbl Ha~6011ee CYI.J..leCTBeHHble 

MeT0A~'-leCK~e peweH~R, Kacatol.J..l~ecR opraH~3al..l~~ cospeMeHHblX c~cTeM c6opa 

A8HHblX. 

Bo BTOpOH rnaae paccMaTp~BatoTCR cpeACTBa opraH~3al..l~~ MH0roKaHallbHblX 

C~CTeM c6opa AaHHblX C 1..1eHTpa11~30BaHHblM ynpasneH~eM, pa3pa60TaHHble aBT0-

poM A~cceprn1..1~~- OnpeAeneHbl ocH0BHble np~HL1~nbI nocTpoeH~R CCA: (1) opra

H~3al..l~R CCA B B~Ae eA~Ho111 ~H¢opMa1..1~0HH0111 c~cTeMbl Ha ocHose C03AaH~R ~H

¢opMa1..1~0HHblX KaHall0B Me>KAy Ll~¢poBblM~ M0AY11RM~ C~CTeMbl ~ KaHanaM~ BB0-

Aa - BblB0Aa 38M; (2) o6ecne'-leH~e yc110B~III A11R np~eMa MaKC~MallbH0 B03M0>KH0-

ro K0ll~'-leCTsa co6b1n1111 06 ~3Y4aeMblX B 3Kcnep~MeHTe npo1..1eccax; (3) C03AaH~e 

cpeACTB c~HxpoH~3al..l~~ npo1..1ecca c6opa AaHHblX no c~rHanaM ycKop~TenR, ynpas-

11Rtol.J..l~X npo1..1eccop0B, n0AC~CTeM OT6opa C06blT~III ~ no K0MaHAaM onepaTOpa; (4) 

opraH~3al..l~R cpeACTB K0HTP011R 3a X0A0M 3KCnep~MeHTa B peallbH0M Macwrn6e 
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speMeH~. Aanee paccMoTpeHbl annapaTHble ~ nporpaMMHble cpeACTBa noCTpoeH~R 

nepso111 B CCCP ~ CTpaHax-Y4aCTH~1..1ax 01/lHlll c~CTeMbl c6opa AaHHblX Ha n~H~~ c 

Ma110111 38M [6, 7]. 3Ta 

I.In HP2116B 03Y 
64 K6aiiT 

J 

KKS 
Mo,qyn11 

MK 

Mo,qyn11· 
CAMAC 

KK6 
Mo,qyn11 

nK 

~ 
KK7 

Mo,qyn11 
nK 

Puc. 2. 5noK-cxeMa cucmeMbJ c6opa oaHHbJX ycma

H0BKU <POTOH. 

c~CTeMa 06ecne1.1~11a 

npoBeAeH~e ~CClleA0-

BaH~III paA~al..l~0HHblX 

pacnaA0B pe3oHaHC0B 

Ha yCTaH0BKe <!>OTOH. 

OCHOBHble MeT0A~'-le

CK~e np~H1..1~nbI no

CTpoeH~R 3TOIII CCA 

RB~ll~Cb OCHOB0III C03-

AaH~R CCA A11R noC11e

AYto1.J..1~X 3Kcnep~MeH

TanbHblX yCTaH0B0K 

nB3. Ha p~c. 2 np~se

AeHa 6noK-cxeMa 3TOIII 

CCA. 

Pa3pa6oTKa cne1..1~a11~3~posaHHoro Apa111sepa seTB~ CAMAC [8] 06ecne1.1~11a 

C03AaH~e CCA B. B~Ae eA~Ho111 ~H¢opMa1..1~0HH0111 c~cTeMbl ~ no3son~na BKllto'-l~Tb 

B ee coCTaB M~H~-3BM. AApeCHble B03M0>KH0CT~ CCA 6onee '-leM B 40 pa3 npeBbl

c~n~ B03M0>KH0CT~ KaHana BB0Aa-BblB0Aa M~H~-3BM. np~ 3TOM CK0p0CTb nepeAa

'-1~ AaHHblX ~3 111060111 R'-lel!IK~ aApecHoro npocrpaHCTBa CCA noAAep>K~saeTCR Ha 

yposHe MaKC~MaJlbH0r0 6blCTPOAel!ICTB~R KaHaJl0B BB0Aa-BblB0Aa M~H~-3BM (OK0-

110 0,7 M6a111T/C). Pa3pa6oTaH K0MnneKC cne1..1~a11~3~posaHHblX nporpaMMHblX ~ an

napaTHblX cpeACTB, op~eHn1poBaHHblX Ha MaKC~MaJlbH0e ~cn0Jlb30BaH~e 6blCTpo

AelllCTB~R KaHaJl0B BB0Aa-BblB0Aa M~H~-3BM. Oco6oe BH~MaH~e YAeneH0 pewe

H~to npo6neM M~H~M1113al..l~~ speMeH~ C'-l~TblBaH~R AaHHblX O C06blT~~- noKa3aHbl 

cpeACTBa opraH~3al..l~~ nepeAa'-1~ 0CH0BH0r0 Macc~Ba AaHHblX O co6bln1~ (AO 90%) 

no KaHanaM npRMoro A0CTyna B O3Y 3BM [9]. np~BeAeHbl np~Mepbl annapaTH0III 

pean~3al..l~~ Cll0>KHblX anrop~TM0B '-ITeH~R AaHHblX ~3 MOAyne111 CAMAC B 38M. 

PaccM0TµeHbl sonpoCbl C~HXp0H~3al..l~~ 3TI1X anrop~TM0B C pa60TOIII OCHOBH0III npo

rpaMMbl np~eMa AaHHblX. noAp06HO aHal1~3~PYIOTCR C03AaHHble AllR oc peanbH0-
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ro epeMeHVI nporpaMMHble ,Qpa~eepbl, KOTOpble MVIHVIMV13VIPYIOT epeM51, He06XO.QVI

MOe AJ151 o6pa60TKVI npepblBaHVI~ VI BBO,Qa VIHqJOpMa4V1V1 no nporpaMMHOMy KaHany 

[1 O]. npoeepKa npaBVlflbHOCTVI npVIH51TO~ VIHqJOpMa4V1V1, npOBO,QVIMaH e nporpaMM

HblX .Qpa~eepax, n03B0fl51eT yMeHbWVITb MepTeoe epeM51 yCTaHOBKVI Ha HeCKOflbKO 

MVlflflVICeKYHA npVI c6051X B npVleMe co6blTVIR 

PacCMOTpeHbl cne4V1aflbHbIe cxeMHbJe peweHVl51 no CVIHXPOHVl3al..lVIVI pa60Tbl 

ycraHOBKVI C CVlrHanaMVI CVICTeM 6blCTporo oT6opa C06blTVI~. npo4eccoM. ycKopeHVl51 

4aCTVILI VI KOMaH,QaMVI onepaTOpa, 4TO o6ecne4VIBaeT cpyHKL1VIOHV1poeaHV1e CC,Q B 

peanbHOM MacwTa6e epeMeHVI [11]. npV1Be.QeHo onV1caHV1e pa3pa60TaHHb1x aeTOpoM 

nporpaMMHO-annapaTHblX cpe,QCTB no BBe,QeHVIIO B COCTaB CC,Q rpacpV14eCKO~ CTaH

LIVIVI VI opraHV138LIVIVI onepaTVIBHOro Ha6nto,QeHVl51 38 XO.QOM Ha6opa 3KcnepV1MeH

TaflbHblX ,QaHHblX [12, 13]. 

npoee,QeHVle 3KCnepV1MeHTaflbHblX VICcne,QOB8HVI~ Ha yCTaHOBKe ¢OTOH no-

3B0flVlfl0 Vl3MepVITb .QV1cpcpepeH4V1anbHble Ce4eHVl51 peaK4VIV1 re" P➔ri 0n, T]➔yy ,Qfl51 

nVIOHOB c VIMnynbCOM 3,3 raB/c [14]. 

PaCCMOTpeHbl TalOKe npVIMepbl VICnOflb30B8HVl51 3TQ~ CC,Q .Qfl51 npoee,QeHVl51 

VICnblT8HVI~ 4V1cppoeoro Vl3MepV1Ten51 epeMeHHblX VIHTepeanoe C nVIKOCeKYH.QHblM 

pa3peweHV1eM [15], a TalOKe AJ151 Vl3MepeHVI~ BblXO,Qa OCT8T04HblX 51,Qep-npo.QyKTOB 

npV1 B3aVIMO.Qe~CTBVIVI 4aCTVILI VI H.Qep (cneKTpoMeTp rAMMA)*. 

,Qanee B rnaee paCCMaTpV1B8IOTC51 eonpOCbl coeepweHCTBOBaHVl51 MeTO.QVIK,VI 

nocrpoeHV151 MH0roKaHaflbHblX CC,Q C Y4eTOM HOBblX TeXHV14eCKVIX peweHVI~, no51-

BVIBWVIXC51 e CTaH.QapTe CAMAC. OnV1caHa pa3pa6oTKa eb1coi<oHa.Qe>KHoro VI 3K0HO

MVl4eCKVI 4enecoo6pa3Horo ycTpo~cTea .QnH wV1poKoro Kpyra na6opaTOpHblX npV1Me

HeHV1~, CB5138HHblX C opraHVl381..1Vle~ MHOroKaHanbHblX O.QHOnpo4eccopHblX VIHcpop

M8LIVI0HHblX CVICTeM Ha flVIHVIVI C MV1Kpo3BM C WVIHO~ Qbus [16]. Co3,Q8HVle .Qpa~ee

pa eeTBVI (,QB) CAMAC (cM. pV1c. 3), cne4V1anV13VlpoeaHHoro .QnH MV1Kpo3BM, o6ec

ne4V1no YHVlqJVILIVIPOBaHHbl~ no,QX0A K opraHVl384VIVI MHOroKaHaflbHblX CC,Q. ,QB 06-

pa3yeT VIHcp0pMa4V10HHOe npocrpaHCTBO CC,Q Ha OCHOBe CTaH,QapTHO~ BeTBVI 

• 6YT1..1ee B.C., ... , CMVlpHOB B.A. VI AP- Coo61.J..1eHV1e OltlHltl P1-85-438, ,Qy6Ha, 

1985. 
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CAMAC (7 Kpe~TOB). ,QB o6ec

ne4VIBaeT .QByHanpaeneHHYto ne-

- pe,Qa4y .Q8HHblX co CKOpOCTblO AO 

1,2 M6a~T/c no KaHany npHMoro 

.Qocryna e naMHTb MV1Kpo3BM. 

OH 06cny>KV1eaeT cV1rHanbI npe

pbreaHVIH OT ycKOpVITenH, CVICTeM 

oT6opa co6b1TV1~ VI onepaTopa. 

,QB n03BOn51eT B 10 - 25 pa3 co

KpaTVITb epeMH, 3aTpa4VIBaeMoe 

Ha npVleM VIHcpOpM8LIVIVI O co6blTVIVI, 

38 C4eT VICn0flb30BaHVl51 BCTpOeH~blX 

aeToMaTOB (annapaTHblX npo4ecco-

CxeMa ynpaeneHMll 
WMHOii3BM 

Qbus 

CxeMa 
o6pa60TKM 
CMrH3110B 

npepb1B3Hl1ll 

CxeMa 
ynpaeneHMll 

Mar11cTpa111,ro 
CAMAC 

MarMCTpanb B8TBl1 CAMAC 

CxeMa 
ynpaeneHMll 

pelKMM3Ml1 
6110'IH0M 
nepeA3'fM 

Puc. 3. 5noK-cxeMa iJpauaepa aemau 

CAMAC iJnfl MUKpo38M . 

poe, pa60Tato1.J..1VIX no cpVIKCVlpoeaHHO~ nporpaMMe) FnH Tpex runoe 6no4HO~ nepe

.Q84VI ,QaHHblX. ,QnH o60CHOBaHVl51 3cpcpeKTVIBHOCTVI VICnonb30BaHVl51 BCTpoeHHblX ae

TOMaTOB aeTOp npoeen no.Qpo6Hbl~ aHanVl3 epeMeHvi nepe.Qa4VI .QaHHblX AJ151 ecex 

runoe 6no4HO~ nepe.Qa4VI, onpe.QeneHHblX craH.QapTOM CAMAC [17]. 

,QnH 04eHKVI 3cpcpeKTVIBH0CTVI VICnOflb30BaHVl51 pe>KVIMOB 6n04HblX nepe,Qa4 

,QaHHblX BBe,QeHa ee-
30 

2S'" 

' . ,-·•···•"'-···•····'"'''''-"'''' ..... , ....... ) a=8'23 
nHtolJ..1851 ycKopeHV1e 

flV14VIH8 s, onpe.Qe-

_...I'····· 

. 20l _.,..,, ..... i ,,/ 
_______ _, o.=12/23 epeMeHVI c6opa ,o,aH

HblX no cpaeHeHVIIO C 

j; 15 .. ,/' ----------· 
6 ,/// _____ .. ---
rlf 10 .. "/ _ .. -··-· 

o.=1 pe>KVIMOM, B KOTOpOM 

.. -----·-··-·· 
.. --·-

10 100 

M 
Mo' 

nepe.Qa4a Ka>K.Qoro 

cnoea .QaHHblX npo

rpaMMVlpyeTCR Ha 

pV1c. 4 npV1Be.QeH rpa-

qJVIK Vl3MeHeHVl51 5 AJ151 
Puc. 4. ,pacpuK 3aaucuMocmu ycKopeHUfl apeMeHu c6o-

pa iJaHHbJX iJnfl pe>KuMa ASM (M - l/ucno peaucmpoa a 

cucmeMe , l/ucno peeucmpoa a Ka>KiJoM MoiJyne paaHo 

BOCbMU, a- K03cjJCjJUL(UeHm 3anonHeHUfl Kpeiima). 
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CTaH,QapTHO~ 6n04HO~ 

nepe.Qa4VI .QaHHblX ASM 



(cKaH111posaH111e no aApecaM CAMAC). ll1cno11b30BaH111e 3Toro pe>K111Ma no3som1eT Ha 

annapaTHOM yposHe ocyl.J.(eCTBilflTb C>KaT111e ll1HcpOpMa4111111 0 C06blTll1111 3a CYeT YAa-

11eHll1fl Hll1Yero He 3HaYal.J.(111X HyneBblX AaHHblX. 

Aanee pacCMOTpeHbl npeAilO>KeHHble asTOpOM HOBble HeCTaHAapTHble B03-

MO>KHOCTll1 ycKopeHll1fl YTeHll1fl AaHHblX 1113 perlllCTpOB CAMAC 111 pacw111peHll1fl ll1Hcpop

Ma41110HHoro npoCTpaHCTsa CCA [18, 19]. 

B MOAYilflX C 60ilbW111M KOI1111Y8CT80M pen-1CTp0B 4e11ecoo6pa3HO onpaw111saTb 

He see pen-1CTpb1, YTO npoll1CXOA111T l!I pe>KlliMe ASM, a 10IlbKO Te, B KOTOpblX eCTb 

AaHHb1e (MeTOA "n11asa101.J.(111x cy6aApecoe"). npeAI1araeTcR TaK>Ke cnoco6 pacw111-

peH111R 111HcpopMa41110HHoro npoCTpaHcrsa MOAYilR CAMAC AO 360 perncTpos (MeTOA 

pen-,CTpOBblX rpynn) 111 COOTBeTCTBYIOI.J.(111VI TaKOMY pacw111peHMIO Tll1n 6IIOYHOVI nepe

Aa'-1111 AaHHblX. Ha p111c. 5 np111BeAeHbl rpacpll1Klrt ycKopeHll1.R s 6I10YHOVI nepeAa'-1111 AaH

HblX e pe>K111Me cKaH111poeaH111R aApecos Ail.R pe>Kt.1Ma ASM 111 ABYX Bb!1LJeynoMRHy-

TblX asTOpCKt.1X 

TlrtnOB 6110'-IHOVI 

nepeAaY111 e 3a-

B111Cll1MOCTll1 OT 

nonHoro Yll1Cila 

perncTpOB B Cll1C-

TeMeM. 

CpasHeH111e rpa

cp111K0B noKa3bl

saeT, YTO np111 

paBHblX ycnos111-
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flX Ha1116011bwee ycKO- Puc. 5. rpac/JUKU 388UCUMOcmu ycKopeHUfl epeMeHU c6opa 

peH111e epeMeH111 c6opa iJaHHbtX npu <1meHuu UH</JOpMau.uu o co6brmuu iJnfl mpex 

AaHHblX o co6b1T111111 munoe 6no<1Hou nepeaa<1u. 

MO>KeT 6b1Tb nonyYeHO np111 nepeAaYe AaHHblX 1113 MOAYI18VI C rpynnaMll1 per111CTpOB, 

noToM np111 111cnonb30BaH111111 MeTOAa "n11aea101.J.(111x cy6aApecos" 111 11111wb 3aTeM MeTO

AOM ASM. 

8 3aKillOYll1TeilbHOVI YaCT111 maBbl paCCMOTpeHbl OCHOBHble np111Mepbl 111cnOilb30BaHll1.R 

AB s nss. AaHbl on111caH111R C03AaHHblX c yYaCT111eM asTopa CCA 3Kcnep111MeHTa11b

HOV1 yCTaHOBKll1 rvt6C [20, 21] (CM. p111c. 6) 111 nepeAHero A8TeKTopa cneKTpOMeTpa 
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I 
I 

,(teTeKTopbl CxeMa 
oT6opa 

C06bmtK 

C'li!T'IMKII, perMCTPbl, I K 

I npeo6pa3oea-ren11 I K I I Apaiieep 
. . A ~. ,... eeTBK 
~.==,;===;,F,=,==,=,7.K~I CAMAC 

C1,1rHaflbl 
ycKop1,1Tem1 

K 
A 

,[leTeKTopb, 

1PopM11poeaTen11, 
AMCKpMMMH3TOpbi 

MoAynM CAMAC: 
perMCTpbi, AL!n, BL!n 

I 

Puc. 6. GnoK-cxeMa aemoMamu3u

poeaHH00 cucmeMbt KOHmponfl 

mpuaaepa e ycmaHoeKe TJ.15C. 

C<l>EPA (CM. p111c. 7) [22]. np111BeAeHbl 

TaK>Ke on111caHll1.R CT8HAOB no KOHTpOillO 

111 . ynpas11eHll1IO pa60TOVI Kp111oreHHOrO 

111CTOYHll1Ka non.Rp1113OBaHHblX A8VITpOHOB 

nonT1Pl/1C0 111 no 1113MepeHll1IO TeMnepa-

TYPbl csepxnpoBOARI.J.(ero MOA8IlbHOrO 

Cll1HXpOTpOHa Cnl/lH°*, aBTOMaTll13111pO

BaHHblX np111 noMol.J.(111 AB. 

Puc. 7. GnoK-cxeMa cc.a nepeiJHeao 

aeme1<mopa ycmaHoeKu C(])EPA Ha 

nepeoM 3mane ee co3iJaHufl. 

~ TpeTb.R rnaea nocBRI.J.(eHa eo-

• - • .:::::r- npocaM pa3B111Tll1R cpeACTB opraH1113a4111111 

MHoroKaHanbHblX CCA 3a CYeT eseAe

H111.R B 111X COCTaB 3118M8HTOB MHOronpo-

4eccopHoro ynpas11eH111.R 111 3HaY111TeI1bHoro pacw111peH111.R 111x 111HcpopMa41110HHoro npo

CTpaHCTBa. B cepeA111He 70-x rOAOB peweH111e 3TOVI npo611eMbl 6b1Il0 o6ecneYeHO 

aBTOpCKOVI pa3pa60TKOVI Cll1CT8MHOro KpeviTa CAMAC (CKK) [23, 24). Pa3pa6oTKa 

CKK 06ecneY11111a C03AaHll1e c111CTeM c6opa AaHHblX, op111eHTll1posaHHblX Ha pa6ory B 

peanbHOM Macwrn6e speMeH111, npaKT111YeCK111 AJl.R scex aKcnep111MeHTaI1bHblX yCTa

HOBOK, co3AaB_aeMblX s nss c 1975 no 1985 rOAbl. AaHo noApo6Hoe on111caH111e CKK. 

• >K111ry11111H 111.B., WyTos B.6. npenp111HT Ollls:!111 P11-88-608, Ay6Ha, 1988. 

•• Ecp111Mos n.r., ... , CM111pH0B B.A. - B KH.: TPYAbl Aec.RToro sceco103Horo cosel.J.(a

Hll1.R no ycKop111Te11RM 3ap.R>KeHHblX YaCT1114, 21-23 OKTR6p.R 1986, Ay6Ha. ToM 1, A9-

87-105. Ay6Ha: Ollls:!111, 1987, c. 100. 
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OH 06ecneY111eaeT 06beAIIIHeH111e B paMKax CCA AO 3•104 KaHanoe perncrpa41,11,1 111 

ynpaeneHIIIR, 4TO Ha nopRAOK 60ilbWe B03MO>KHOCTeiii. CTaHAapTHOiii BeTBIII CAMAC 

[25]. CKK no3eonsieT eBeCTIII B coCTaB c111CTeMbl cpeACTBa AflR C>KaTIIIR, cp111nbTpa41,11,1 

Ill nepecpopMaTIIIPOBaHIIIR npl.1HIIIMaeMoiii IIIHcpOpMa4111111, a TaK>Ke AOnonH"1TeilbHble 

npo4eccopbl AilR KOHTpOilR Ill rpacp1,14ecKoro npeACTaBneHIIIR 3Kcnepl.1MeHTailbHblX 

AaHHblX [26) (cM. p111c. 8). CCA Ha ocHoee CKK He3ae111c111Ma OT T111na ynpaensitol.J.(eiii 

38M. CKK 06ecne41,1eaeT pe>KIIIMbl rpynnoeoiii. nepeAa4111 AaHHblX, 4TO no3eonsieT 

A06111BaTbCR 3Ha4111TeI1bHOro CHlll>KeHIIIR MepTBOro epeMeHl.1 ycTaHOBKIII np1,1 np111eMe 

AaHHblX Ha C06b1T111e. 

r ¢>wlb,pa1.1Mff npol.lllCCOpbl . IIIHTepcjleHCbl I 
I CJ~IHP2116BI 
I ~ Cl ~ITPftJ1001 I 

AaHHbel 0~ D CJ~E] 

Qo~e5 Cl~~ 
I I · 
I ~. Cl~IEC38MI 
, ___________ J 

Puc. 8. npeo6pa3oeaHue nomoKoe uHcjJopMau,uu e 

cucmeMHOM Kpeume CAMAC. 

noKa3aHo, 4TO 

Mar111cTpanb CKK no 

CBOeMy Ha3Ha4eHl.1IO Ill 

np111H4111naM pa6oTbl no 

MHOrlllM napaMeTpaM 

RBilReTCR npeAWeCT-

BeHHIIIKOM coepeMeH-

HblX Marll!CTpanbHO

MOAYilbHblX CIIICTeM. 8 

maee AeTanbHO pac-

CMaTplllBalOTCR anro-

p1.1TMbl npoBeAeHIIIR 

ap61.1Tpa>Ka 3anpocoe OT MHOrlllX IIICT04HIIIKOB ynpaeneHl.1R, nepeAa4 A8HHblX Ill pa6o

Tbl C C"1rHanaMIII npepbIB8HIIIR. Ap61.1Tpa>K pecypcoe Mar1t1CTpan111 CKK npOBOAIIITCR B 

TeX CilyY8RX, KOrAa HeCKOilbKO MOAyneiii ynpaeneHIIIR OAHOBpeMeHHO BblCT8BilRIOT 

ceo111 3anpocb1. Ansi ycKopeHIIIR nepeAa4111 AaH~blX 1,13 per111CTp111py101.J.(111x MOAyneiii e 

ynpaensi101.J.(111e npeAycMoTpeH pe>KIIIM rpynnoeoiii nepeAaY111 6noKoB AaHHblX. AaHa 

xapaKTep111CT111Ka 3aAa4, BbrnonHReMblX CCA e peanbHOM pe>K111Me epeMeH111, 111 o6oc

HOBbreaeTcsi Heo6XOAIIIMOCTb BBeAeHIIIR napannenhHoro aHan1113a AaHHblX B CCA. 

Aanee paccMoTpeHo 111cnonb30BaH111e CKK B Ka4eCTee cpeACTBa apx111TeKTYpHo

ro nocTpoeH111si AByxypoeHeeoiii MHoronpo4eccopHoiii c111cTeMbl, 06ecne4111ewero co3-

AaH1.1e CIIICTeMbl KOHTPOilR 1,1 ynpaeneHIIIR napaMeTpaMI/I MeAneHHOro BblBOAa CIIIH

xpocpa30TpOHa Ov1rlv1 [27, 28]. OcHOBHblMIII 3IleMeHT8MIII C"1CTeMbl RBilSIIOTCR ABe 

Manbre 38M 111 CKK (cM. p111c. 9). CKK o6beAIIIHReT MHoro4111cneHHbIe MOAYillll, OTBeT-
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I '----- rpa<l>M'leCKHH 

1.1HTep<1>e111c 3BM 

pY4HOe ynpaeneH1.1e 

aBTOHOMHbll/1 
npo4eccop 

apfa1TpCKK 

: AHCnneH 
! rpa<IJH'leCKafl GD-71 

L cTaHL\Hfl··-··-··-··-··-··-·· 

········•···•········••··•••··•··········•···········•···•·········••···•····· 
MoAynM CAMAC: 

• epeMeHHble M3MepeHml; 
• M3MepeHMe nonoJKeHMR M npocjmnsi ! 

BblBeAeHH0r0 n}"IK3; i 
• K0ppeKTMpylO~Me B03Aei1CTBMR Ha i 

CMCTeMy BblB0A3 n}"!Ka; i 
• M3MepeHMe napaMeTpoe K0nb4a i 

I ~=t · ~;::~;::;.,oo - l 
ynpaeneH111e CKK 

Apa111eep seTBl.1 1 

Apa111eep eeTBl.1 2 

,QeTeKTOpbl "' HCnonHHTenbHble ycTpOHCTBa 
CHCTeM KOilbl.\a "' BblBOAa ny'IKa 

cHHxpo<IJa3oTpoHa 
L _______ _ --------------- -------·· 

Puc. 9. 5noK-cxeMa cucmeMbt aemoMamu3au,uu noacucmeMbt MeaneHHoao 

6b/BOaa. 
CTBeHHbre 3a 1113MepeH111e napaMeTPOB ycKop111Tem:1, a TaK>Ke 3a nepeAaYy c111rHanoe 

B03Ael/lCTBIIISI Ha aneMeHTbl CIIICTeMbl BblBOAa Ill 111HcpOpMa4111111 onepaTOpy. CKK opra

Hlll3yeT ynpaeneH111e CIIICTeMoiii OT TPeX IIICT04HIIIKOB KOMaHA: IIIHTepcpeiiica 38M EC-

1010, annapaTHoro npo4eccopa 111 6noKa py4Horo ynpaeneHIIIR. vlHTerp111poeaH111e e 

CIIICTeMy KOHTpOilSI rpacp1114eCKOiii CTaHl.1111111 noTpe6osano C03AaHIIISI AByxnpo4eccop

HOro KOMnneKca, B KOTOpOM Ka)f{Abliii 1113 npo4eccopoB y4aCTsyeT Ha paBHOiii OCHOBe. 

np111BeAeHo on111caH111e pa3pa60TaHHblX cne4111an1113111poeaHHblX annapaTHblX cpeACTB 

no ocyl.J.(eCTBileHIIIIO ABYCTOpOHHero o6MeHa AaHHblMIII Ill ClllrHanaMIII npepb1BaH111iii 

Me)f{Ay 38M EC-1010 111 rpacp1114eCKOiii CTaH41.1eiii [29]. 

noAp06HO paccMaTplllBalOTCR eonpOCbl 111cnOilb30BaHIIISI CKK AflSI nocTpOeHIIISI 

CCA 111 C>KaTIIIR aKcnep111MeHTaI1bHOiii 111HcpopMa4111111 Ha yCTaHOBKax 6v1C-2 [30] 111 
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Aflb<t>A (31). OpraHlll3al.µ-1fl CCA yc-raH0BKlll 6v1C-2 Ha ocHoae CKK o6ecne•maaeT 

cpopMlllpoBaHllle lllH<p0pMa41110HH0ro npocTpaHCTBa B BlllAe AByx CTaHAapTHblX BeT-

88111 CAMAC (cM. p1,1c. 10). C111CTeMa coAep>KlllT 6011ee 6000 KaHanoa pernCTpa41,11,1_ 

Ynpaa11eHi,;e npo4eccaMlll c6opa 3KCneplllM8HTailbHblX AaHHblX np0B0AflT 38M 

EC1040, 38M TPA 1000i, annapaTHbllll npo4eccop nKn 1,1 6110K py'-IHoro ynpaane

HlllR 

ccg .yCTaHciBKH Aflb<t>A Taio.:e oCHoaaHa Ha CKK*. LIICTO'-IH"1KaMlll KoMaHA e 
.. ' 

CCA flBilf!IOTCfl 38M EC1010, annapaTHb1111 npo4eccop f1l{f1 1,1 6110K py'-IHoro ynpaa-

neHlllfl. 

B ycTaH0BKax 6LIIC-2 1,1 Aflb<t>A ocH0BH0III o6beM nepBlll'-IH0111 1t1HcpopMa41,11,1 Ha 

co6bm1e nplllX0AlllT c liponop41,10HaJ1J;HblX KaMep lll onpeAeilfleTCSl K0ilt.1'-ISCTB0M Ka

Hanoa pemcrpa41,11,1, CBA3aHHblX C Hlt1Mlll. 8381M10A8111CTBlllfl, Ha IIICCilSA0BaHlllfl K0T0-

pblX op111eHT1-1po13aHb; yCTaHosia:, 6v1C~2· 1,1 Aflb<t>A,· xapaicrep1,13y10T~ noRBJ1eHllleM 

MHt"ep<fJeifo 38M 
TPA 10011 

K 38M TPA 10011 

C 
MHTepcpeHc 38M 

~ K 38M EC1040 

C K 
EC1040 

T p PY'IHoe ynpaeneH11e 2 KpeHTa CAMAC: 
E E 3BTOHOMHblH - 331JRAO•I.IM<fJp0Bble 

M ~ npo1.1eccop nKn npeo6pa3oeaTenM ~ 140-KaHanbHblH 

H T 
ap6MTP CKK 2 KpeHTa CAMAC: I 

11epeHKOBCKMH 

bl cneKTPOMeTp 

~ ynpaeneHMe CKK - rOAOCKOnM'leCKMe 
pernc'rpbl 

AP3HBep eeTBM 1 - KpeiiT CAMAC: 
AP3HBep eeTBM 2 - - npo11eccop, per11cTpb1, H nponop1.1MoHanbHb1e 

C'IIITblBa1011111ii 6nOK c nK KaMepbl 

KpeiiT CAMAC: 

7 KpeiiTOB CAMAC: - HaKon11TenbHble 
C'leT'IIIKII N CL1MHTMnnRI.IMOHHb1e 

Mo,11yn11 per11cTpa111111 - KpeiiT CAMAC: AeTeKTOpbl . 
,QaHHblX C nK - annaparypa KOHTpom1 

1 
nponop1.1MottanbHb1e I 

KaMepbl 

Puc. 10. 5noK-cxeMa cucmeMbl c6opa aaHHblX 3KcnepuMeHmanbHou ycmaHoeKu 

5/lfC-2. 

• A611eea B. r. 1,1 AP· Coo61.4eH111e OLIIHL-1 10-11124, Ay6Ha, 1977. 
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ClllrHail0B IllllWb B He60ilbWOM '-llllCile KaHail0B pernCTpa41,11,1 (MeHee 10%). npl-1 3T0M 

cpeAlll nepeAaBaeMblX Cil0B AaHHblX MH0ro HyileBblX. 

Bxo,11 e n/n 
"PellOIM B" 

8b16op 
cne,11yio111ero 

1<peiha 

BblXO,Q 113 
n/n 

cne,11yio111ero 
per11cTpa 

00HCK 
MO,QynH C 

LAM-:1 

'>Aa •~ 

BWX0,!1113 
n/n 

Puc. 11. AnaopumM pa6omb1 nKn "Pe)KUM BH npu onpeaeneHuu HoMepoe 

R'-leeK aoaocKona u nepeaal./e uHcj)opMau,uu e 3BM. 
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lllcno11b3osaH1t1e cne41,1a111,131,1posaHHoro annapaTH0ro npo4eccopa nKn no3so

mieT C>Klt1MaTb 1t1Hcp0pMa41,110, yMeHbWaH AJ'llt1HY co6b1Tlt1H 6onee 4eM B 10 pa3 [32, 

33]. KpoMe Toro, annapaTHb1i1 npo4eccop nKn cnoco6eH Bbl41t1CJ1HTb aApec st4ei1K1t1 

r0A0CKona, B KOTOpoi1 6blJ1 3aper1t1CTp1t1posaH Clt1rHaJ1. B A1t1CcepTa41t11t1 AaH noAp06-

Hbli1 aHa111,13 anrop1t1TM0B pa60TbI annapaTHoro npo4eccopa AJIH scex era pe>K1t1M0B. 

Ha p!t1C. 11 np1t1BeAeH a11rop1t1TM pa60Tbl nKn no onpeAeJ1eH1t1IO M0AYJ1H C HeHyne

B0i1 1t1HcpOpMa41t1ei1, H0Mepa H4ei1Klt1 r0A0CKona 1,1 no nepeAa4e AaHHblX B 3BM. 

npi.1BeAeHbl aHaJ11t1Tlt14eCKlt1e Bblpa>KeHlt1H, onpeAeJ1HIOI.J..llt1e 3aTpaTbl speMeHlt1 

Ha nepeAaYy 1t1HcpopMa41,11,1 s 3BM AJIH 3Tlt1X pe>K1t1M0B. B pe>K1t1Me A ocy1.J..1eCTBJ1steT

csi nocneA0BaTeJ1bH0e 4TeH1t1e 1,1 nepeAaYa s ynpas11sito1.J..11t1i1 npo4eccop AaHHblX co 

scex N MOAYJ1ei1 per1t1cTpa41,11,1 rOAOCKOn1t14eCK0i1 C1t1CTeMbl. B pe>K1t1Me 6 np0!t13B0-

Alt1TCH 4TeHlt1e 1,1 nepeAa4a B ynpaBJ1HI01.J..1"1i1 npo4eccop T0J1bK0 HeHyneBblX AaHHblX. 

8 pe>K1t1Me 8 np0B0Alt1TCH onpeAeJ1eH1t1e H0Mepos H4eeK r0A0CKona lt1 nepeAa4a 3T0i1 

1t1HcpopMa41,11,1 s 3BM. 

Ha p1t1c. 12 np1t1BeAeHbl rpacp1t1Klt1 speMeHlt1 nepeAa41t1 AaHHblX B 3BM B 3aBlt1Clt1-

M0CTlt1 OT 41t1CJ1a H4eeK fOAOCKOnlt14eCKOi1 Clt1CTeMbl AJ'IH Tpex pe>Klt1M0B nepeAa41t1. 

noKa3aH0, 4T0 4TeH1t1e AaHHblX T0J1bK0 1,13 pernCTp0B C HeHynesoi1 1t1Hcp0pMa41,1ei1 B 

3Ha41t1TeJ1bHOi1 CTeneHlt1 yMeHbWaeT speMH nepeAa41t1 AaHHblX B 3BM, a, CJ1eA0Ba

TeJ1bH0, 1,1 MepTB0e speMH CC.Q Ha np1t1eM C06b1Tlt1H. 
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Puc. 12. rpac/JuKu epeMeHu nepeoal./u oaHHblX e 3BM onfl mpex pe>KuMoe: TA- e 

pe)KUMe A; Ts - e pe)KUMe 5; Ts - e pe)KUMe B onfl cnY'-laee, Koaoa e peaucmpe 

ycmaHoeneHbl oouH (r=1) unu oea (r=2) pa3pfloa. 
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noKa3aH0 BJ11t1HH!t1e napaMeTpa p, KOT0pbli1 onpeAeJ1HeT A0J1IO pernCTp0B, co

Aep>Ka1.J..11t1X HeHyneBble AaHHble, K 061.J..1eMy K0J11t14eCTBY scex pernCTp0B (CM. p1t1c. 

13). np1,1 3T0M cp1t1KC1t1pyeTCH 3Ha4eHlt1e 41t1CJ1a H4eeK r0A0CKona N = 5000. 1/13 rpa

cp1t1Ka Blt1AH0, 4T0 4TeH1t1e HeHyneBblX AaHHblX 6e3 onpeAeJ1eH1t1H H0Mepa H4ei1Klt1 

lt1MeeT CMblCJ1 J11t1Wb np1,1 3Ha4eHlt1HX napaMeTpa p < 0,4. 
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13, AOnH rpynn H'l88K C IIHq>OpMa1.111eii 

Puc. 13. rpac/Ju'-lecKoe npeocmaeneHue epeMeHu nepeoal./U aooocKonul./e

cKux oaHHblX e 3BM e 3aeucuMocmu om napaMempa p onfl pe)KUMoe: Ts u 

Ts. BpeMfl TA He 3aeucum om p u npueeoeHo onfl cpaeHeHUfl. 

.Qanee s A1t1ccepTa41,11,1 paccMaTp1t1sa10Tcsi np1t1MepbI 1,1cnoJ1b30BaH1t1H CKK AJ1H 

nocTpoeH1t1H c1t1CTeM c6opa AaHHblX AJ1H 3Kcnep1t1MeHTaJ1bHblX yCTaiiosoK nB3: CRO, 

.QIIICK 1,1 Kp1t1CTa1111 [34, 35]. CKK 06ecne41,1saeT opraH1t13a41,110 ynpas11eH1t1H c6opoM 

AaHHblX OT 3BM wna EC, K0Topasi pacnonaranacb OT ycTaH0BKl,1 Ha paCCT0HHl,11,1 

0K0J10 1 KM. Ha p1t1c. 14 np1t1BeAeH0 cxeMaTlt14H0e 1,1306pa>KeH1t1e CC.Q 3Tlt1X YCTaH0-

B0K. lllcno11b30BaH1t1e CKK 06ecne41,1110 co3AaH1t1e CC.Q ycTaH0B0K 1,1, cooTBeTCTBeH

H0, pa60TY 3Tlt1X yCTaH0B0K Ha ny4Ke ycK0p1t1TeJ1H 1,1 Ha6op 3Kcnep1t1MeHTaJ1bHblX 

AaHHblX B KpaT4ai1w1,1e cp0Klt1. 

B 3aKJ1to41t1TeJ1bH0i1 4acT1t1 masbI noKa3aHo, 4T0 s AaJ1bHei1weM CKK o6ecne-

41t1J1 oYeHb npocTYto aAama41,110 CC.Q ycTaH0BK1t1 KPIIICTAnn AJ1H opraH1t13a41,11,1 c6o

pa AaHHblX C npoTOnina aAp0HH0ro KaJ1op1t1MeTpa ycTaH0BKlt1 .QEn4'111*. 

• ry31t1K 3., Pbl>K0B B.H., L.\biraHos 3.H. Coo61.J..1eH1t1e O1/lrllll P13-85-530, .Qy6Ha, 

1985. 

23 



CuCTeMuLlii 
KpeiiT 

M■ ac:ponporplMHBOe 

ynpaanea ■ e 

~paiiBep BeTBH 

Py,rnoe ynpaaneuue 

Ap6HTp CKK 

Ynpaaneuue CKK 

Hunp,j,eiic 3BM 

CHCTeMHLIH 
____l<_!l_eiiT 

KoMMYTaTOp 
KaHanoe 

CBA3H 

_fi 
Hunp,j,eiic 3BM i ◄" 
~paiiaep anau K'---x---=-....J:::=, 

Pyquoeynpaaneuue 

Ap6HTp CKK 

Ynpaaneuue CKK 

CncTeMHLlii 
K_!l_eHT 

~paiiaep BeTBH 

Pyquoe ynpaaneuue 

Ap6HTp CKK 

Ynpaaneuue CKK 

Ane•Top1,1 
8AP0HH0ro 

Kan0pMM8Tpa 

AneKTop1,1 
ycTaHOBKM 

KPIIICTAnn 

oooQ K EC 38M 

A8T8KTOpbl 
ycTaHOBKM 

AIIICK 

AenKTop1,1 
ycTaHOBKM 

Cfl0 

Puc. 14. L,1306pa)l(eHue K0MnneKca ycmaHoeoK fl83, pa6oma1011.{ux Ha 

nuHuu c 38M muna EC c ucnonb3oeaHueM cucmeMHoao KpeiJma 

l.leTeepTa.fl maea AVICCepTal.lVIVI noCBRU\eHa pa3pa60TKaM cpeACTB opraHVl-

3al.lVIVI MHOroKaHailbHblX MH0ronpo1..1eccopHblX CC.Q Ha OCHOBe MarviCTpanbHO

MOAYilbHOY! WVIHbl VME. AnnapaTYpa B CTaHAapTe VME B 3Ha4VITenbHOYi CTeneH~ 

pacwV1ps:ieT B03MO>KHOCTVI 3KcnepV1MeHTaTopa no opraHV13al.lVIVI CC.Q. WVIHa VME 

o6ecne4V1BaeT, Bo-nepBblX, 6onee BblCOKYIO nponyCKHYIO cnoco6HOCTb AaHHblX (AO 

20 M6aYiT/c), B0-BTOpblX, aApecal.lVIIO K naMRTVI AO 16 M6aYiT npVI 24-pa3pRAHOYI aA

peCal.lVIVI VI AO 4 r6aYiT npVI 32-pa3pRAHOYI aApeCal.lVIVI. 3m oco6eHHOCTVI, a TaK>Ke 

rvi6KVIYI MexaHVl3M nepeAa4VI ynpaeneHVIR OT MOAYilR K MOAYillO C MailblMVI epeMeH

HblMVI 3aTpaTaMVI Ha ap6V1TPa>K 3anpoc0B WVIHbl n03B0IlRIOT peanVl30BblBaTb npo-

24 

1..1eCCbl (pVIIlbTpal.lVIVI, C>KaTVIR VI npeAo6pa6oTKVI AaHHblX B peaJlbHOM Macwrn6e 

epeMeHVI VI C BblCOKOYI 3(p(peKTVIBHOCTblO. 

BGxlN=0 

BGxOUT•1 

10 HC 

Puc. 15. rpacjJ cocmoRHUiJ ycmpoiJcmea conpR)l(eHUR npu opaaHu3a4uu 

e3auMoiJeiJcmeuR npo4eccopa c ycmpoiJcmeaMu cc,a (BGx/N, BGxOUT, 

BRi, BBSY, AS, OS, WRITE, DTACK, BERR - cuaHanbl WUHbl VME). 

npeAilO)KeH HOBblYI ,cnoco6 opraHVl3al.lVIVI CC.Q, KOTOpblYI OCHOBaH Ha VICnOllb-

30BaHVIVI 1..1eHTpaI1bHOro KpeY!Ta VME VI HanpaeneH Ha o6ecne4eHVle OAHOBpeMeHHOYI 

pa60Tbl HeCKOJlbKVIX npo1..1eccopHblX YCTPOYICTB [36, 37, 38]. BHeApeHVle 3TOYI MeTO

AVIKVI B KOHL.le 80-x r0AOB B npaKTVIKY (pV13Vl4eCKOro 3KCnepVIMeHTa nB3 noTPe6oeano 

pa3pa60TKVI PRAa annapaTHblX cpeACTB B CTaHAapTe VME . .Qanee npVIBeAeHbl onV1-

caHVIR0 CVICTeMHOro KOHTPOJ1I1epa VI YCTPOYICTBa conps:i>KeHVIR C WVIHOYI Qbus. CVIC

TeMHblYI KOHTponnep opraHV13yeT MHOronpo1..1eccopHy10 pa60TY VI OnTVIMaJlbHOe VIC

nOJlb30BaHVle pecypcoe WVIHbl VME [39]. OAHO VlllVI HeCKOllbKO yCTpOYiCTB conpfl)Ke

HVIR WVIHbl VME C WVIHOYI Qbus o6ecne4VIBalOT npVICOeAV1HeHV1e K CVICTeMe CO0TBeT

CTBY10U1ero 4V1CI1a npo1..1eccopHblX YCTPOYiCTB. Ka>KAblYi npoLteccop MO>KeT 6b1Tb VIC

nonb30BaH e Ka4eCTee 311eMeHTa ynpaeneHVIR pecypcaMVI CC.Q [40]. Ha pV1c. 15 

npVIBeAeH rpacp COCTOflHVIYI MOAYllR npVI opraHVl3al.lVIVI B3aVIMOAeYICTBVIR npo1..1eccopa 

C YCTPOYICTBaMVI CC.Q. 
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,QaHO omtcaH~e nepsoro onblTa ~CnOilb30BaH~fl BblWeynOMflHY,-blX MOAyne~ 

VME AJlfl C03AaH~s:i MHoronpo4eccopHoro sap~aHTa noAC~CTeMbl ynpasneH~fl 4~K-

110M csepxnposoAs:i~ero c~HxpoTpoHa [41] (cM. p~c. 16). 3¢cf)eKT~BHoe pa3,[lene

H~e 3aAa4 Me>K,qy ABYMfl npo4eccopaM~ n03B011~110 3Ha4~TeJ1bH0 C0KparnTb speMfl, 

Heo6XOA~Moe Ailfl ~3MeHeH~fl pe>K~M0B pa60Tbl n0AC~CTeMbl ynpasneH~fl (n04T~ B 

Annapa-rypa 
perKCTP31\KK K 

K0HTp0ml 

Ynpaem1101113.11 
3BM 

MEPA-60 

n3BM 
npaeel\-16 

·-··--·-------··-··-··- ---·-··-··-··-··- ·1 
~ KpeiiT VME A i 
I ~------, Bf!. . 

CKCTeMHblM 
Kotrrponnep 

Yc-rpoiicmo 
conp.11lKeHK.11 

3Y 
512 K6aiiT 

O,qHonnaTHblM 
npoj\eccop 

i 
Wi 

~! 
..a! 
<;j .. , a., .. , u, .. , ... , 
:!l!j 

300 pa3). 

Puc. 16. CmpyKmypHafl 

cxeMa MHoaonpo4ec

copHoao eapuaHma 

noocucmeMbt ynpaene

HUfl l.{UKn0M ceepxnpo

eoiJR11.<eao cuHxpompo

Ha. 

,Qanee np~BeAeH0 

on~caH~e yCTpo~CTsa, npeAHa3Ha4eHHoro AJlfl o6beA~HeH~s:i annapaTYpb1 s CTaH

AapTax VME ~ CAMAC. 3TO - M~KponporpaMMHbl~ APa~sep BeTB~ (M,QB) CAMAC B 

CTaHAapTe VME [42]. OH noCTpoeH 

Ha OCHOBe cne4~a11~3~posaHHoro 

npo4eccopa ~ no3so11s:ieT nOAKI1I0_-

4~Tb K w~He VME OT OAHO~ AO . . . 
B0CbM~ CTaHAapTHblX BeTBe~ 

CAMAC. B apx~TeKrypy M,QB 3ano-

. 
' . 

* IQII21 
·--~-----.. ----------- HaeecHaR 

>KeH M0AYilbHbl~ np~H4~n. B COCTaB 

M,QB BXOAflT OA~H ~HTepcf)e~c Marn

CTpan~ VME (l,1M) ~ OA~H ~11~ He-

' ' ' ' ' . 
' ' ' . '. . 

" ... :. ,-··-
! fipeiiT 

'L! i 

CKOilbKO 0AHOrnnHblX MOAyne~ M~K- ! : S! ! : :;ii 
! .~~! -~! 

ponporpaMMHoro ynpasneH~s:i (MY) i A. '-;,i !EE('-;,! 1 I .. tdfJ CQII CQI 

Ka>K,qbl~ ~3 KOTOpblX BbmonHeH s s~- i I Kp;nT I ~i i Kp;iiT ~i 
!. _________________ 11 _________ ----·· I 

Ae M0Ayns:i CAMAC ~ o6ecne4~saeT co-

... 
-> 

/ .. ~~--' 

i 
00' 

! 
ui 

I • i! . . . 1·EE( •ul ! ..a! 
j KpeiiT "'' 
i 7 ~! 
·-··-· -· -··-··-·i 

nps:i>KeH~e c OAHO~ seTBblO CAMAC (cM. · Puc. 17. O611.<afl cmpyKmypa cpeo-

p~c. 17). Ka>KAbl~ M0AYilb ynpasneH~s:i cmea conpfl)KeHufl WUHbl VME u an-

napamypbt CAMAC. 
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pa6oTaeT no csoe~ ~HA~B~AyanbHO~ nporpaMMe. M,QB 06ecne4~saeT BbmonHeH~e 

pacw~peHHoro ps:iAa onepa4~~ nepeAa4~ AaHHblX no MarnCTpan~ CAMAC. Pa3pa-

60TaHb1 anrop~TMbl AJlfl 10 T~nos TaKoro POAa rpynnOBblX onepa4~~- OcH0BHble 

c~rHa11b1 ynpasneH~fl M,QB ~ c~HxpoH~3a4~s:i o6MeHa c seTBblO CAMAC 3anporpaM

M~posaHbl. Bee M~KponporpaMMbl Han~caHbl Ha fl3b1Ke Ml,1KPOACCEM6JlEP (MA), 

KOTopb1~ 6b111 cne4~a11bH0 pa3pa6oTaH AJlfl M~KponporpaMM~oro o6ecne4eH~fl 

M,QB. 

PaccMoTpeHHble Bb1we MOAYI1~ VME s:is~n~cb ocHoso~ Ailfl noCTpoeH~s:i CC,Q 

ycTaH0BK~ Cct>EPA Ha 0AH0M ~3 3Tanos ee C03AaH~s:i [43, 44, · 45].. OcHoso~ no

CTpoeH~s:i CC,Q s:isns:ieTcs:i 4eHTpa11bHbl~ Kpe~T VME (cM. p~c. 18). B CC,Q TaK>Ke 

311eKTpOMarHHTHblH 

K3110pHMeTp, npOBOJlO'!Hble H 

,1:1peHcjJOBble KaMepbl 

CI.IHHTH1111ffl.lH0HHble 
r0,[I0CK0nbl, 

'!epeHKOBCKHH ,[leTeKTop 

BeTBb ·; 

CAMAC 

CMCT8MHblM 

KpeMTVME 

BeTBb 
CAMAC 

Cl,QIO O 1,1 3 1,1 
K B 3 3 H Y H 

B B T T 
MM 

,QeTeKTopbl 
ny'!Ka 

• YcTp0HCTB0 
OT6opa 

1-ro ypoBHff 

YcTpoHcTBo 
oT6opa 

2-ro ypoBHff 

naeM 
AT486 

E 
T 
H 
E 
R 
N 
E 
T 

CHcTeMa 
ynpaeneHHff 

BblC0KHM 
Hanpst>KeHHeM 

Puc. 18. 5noK-cxeMa cc.a ycmaHoeKu C<PEPA. 
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exoART c11CTeMHb1i1 KOHTpo1111ep Kpei1Ta VME (CK); Apai1eep eeTB11 CAMAC (AB), 

ynpae11ReMblL1 0,£1HOnI1aTHOL1 3BM co BCTpoeHHblM Ml1Kponpo4eccopoM MC68020 

(O3BM); 11HTepcpe£,ic (v1HT1) C Ml1Kpo3BM, 6yc1;>epHoe 3Y; "1HTepcpei1c (11HT2) C 

n3BM rnna IBM. n3BM ynpaenReT pa6oToi1 c1.1CTeMbI, npeo6pa3yeT 4aCTb np1.1H11-

MaeMbIx ,llaHHblX 1,1 npe,£1CTaBI1fleT "1X 8 rpacp114ecKOM 81.1,lle, a TalOKe ompaBilfleT SCIO 

1.1HcpopMa41.1to o co6b1T1.11.1 a apx1,1e Ha xpaHeH1.1e. 

n.RTa.R maea t111ccepTa4111,1 nocBRI.J..leHa paccM0TpeH11to eonpocoe opraH"13a-

41,11,1, aHan11rn4ecKoro aHa11113a 1,1 pa3pa60TK11 napa1111e11bHbIx MHoronpo4eccopHblX 

CTPYKTYP, KOTOpble 8 noCI1e,£1H"1e rO,llbl w11poKO 1,1cnOI1b3YIOTCfl K8K 8 COCTaee C"1CTeM 

c6opa ,£18HHblX, T8K 11 8 8"1,lle 88TOHOMHblX Cl'ICTeM. noKa3aHO, 4TO BBe,£1eH1.1e B npaK

T"1KY (p113"14eCKoro 3KCnep"1MeHT8 Cl'ICTeM or6opa C06blT11£,i, BblnOilHfllOI.J..ll'IX CilO>KHble 

anrop"1TMbl no npaKT"14eCKl1 no11HOL1 peKOHCTPYK4"1"1 C06blT"1fl, flBl'IIlOCb npe,£1nOCblI1-

KOL1 t\Ilfl opraHl13841111 napa1111eI1bHOL1 o6pa60TKl1 A8HHblX. To 06CTOf1TeI1bCTBO, 4TO 

C06blT"1fl, per11CTp11pyeMble cneKTpOMerpaMl1, CT8Tl1CTl14eCKl1 He3aB11Cl1Mbl, n03BO

IlfleT opraHl130B8Tb 11x napa1111e11bHYto o6pa60TKY Ha6opoM npo4eccopos. np11 3TOM 

C06blTl1fl BO scex npo4eccopax o6pa6aTbl88IOTCfl no OAHOMY 11 TOMY >Ke a11ropl1TMy. 

B pa6ore npet111o>KeH et111HbI£,i not1XOA K npo611eMe aHa11113a MHoronpo4ec

copHbIx Cl'ICTeM napa1111eI1bHOL1 o6pa60TKl1 "1HQ)OpMa41111. O6pa6orKa npOBO,lll'ITCfl 

Ha Cl'ICTeMe, COCTORI.J..lei1 113 N npo4eccopos. 38,£1848 pa3611eaeTCfl Ha M 3IleMeHTOB -

n0,£138,£184, KOTOpble MOryT o6pa6aTbl88TbCfl napa1111eI1bHO. 3arpaTbl R onpe,£1eI1f1~T 

speMR ebmo11HeH11R 0.£1Ho£,i 38.£18411 a e,£111Hl14HOM npo4eccope. Be1111411Ha C onpet1e

I1ReT t1ono11H11re11bHOe speMR, 3arpa411eaeMoe Ha opraH113a411to s3a11Mot1ei1CTBl1fl 

(n11aH11posaH11e, pacnpet1e11eH11e pecypcos, o6MeH AaHHblMl1, c11HxpoH113a41.1R) ABYX 

no,£138,£184. np11 nOCTOflHHblX R 11 C no11Hoe speMfl o6pa60TKl1 M 3IleMeHTOB 38,£18411 

onpe,£1eI1f1eT COOTHOWeH11e: 

T.,,,=R-max(k)+ ~ -7k.(M-k)=R•max(k)+ ~ -(M2
- 7k

2
), 

rt1e k, - 411CI10 3IleMeHTOB, BblnOilHfleMblX Ha i-OM npo4eccope. Anfl 04eHKl1 3cpcpeK

Tl1BHOCTl1 pa60Tbl MHoronpo4eccopH0£,i Cl1CTeMbl napa1111eI1bHOL1 o6pa60TKl1 no 

cpasHeH11to c OAHl'IM npo4eccopoM BBOA11TCR se1111411Ha, xapaKTep113yto1.1.1aR ycKope

H11e Bbl411CI1eH11i1 s. 
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Puc. 19. CmpyKmypHaR cxeMa npo-

4eccopHou c/)epMbl (Yn - ynpaa

nRJOUJ.UU npo4eccop, na - npo4ec

cop-ab111ucnumenb). 

Anfl peweHl1fl 38,£184, CBfl38HHblX C 

napa1111e11bHOL1 o6pa60T!(OL1 co6blT"111, 11cnOI1b3ytoTCfl Bbl411Cill1TeilbHble Cl1CTeMbl, 

COCT0fll.J..!"1e 113 Ha6opa O,llHOrnnHblX npo4eccopHblX yCTp011CTB, 11 noI1Y4"1BWl1e H8-

388Hl1e npo4eccopHbIx cpepM n<t> [46] (cM. p11c. 19). B pa6ore npoaHa1111311posaHbl 

yc110Bl1fl, He06X0,£111Mble Ailfl 3cpcpeKTl1BHOrO npoee,£1eHl1fl napa1111eI1bHOL1 o6pa60TKl1 

co6b1r1111, A8Hbl 04eHK11 no sb16opy onr11MaI1bHoro 411c11a npo4eccopos, pa6orato-

1.1.111x napa1111eI1bHO [47, 48]. Ha ·p11c. 20 np11se,£1eHbl 388"1C"1MOCT"1 ycKopeHl1fl Bbl411C-

11eHl1'1 or 411c11a npo4eccopos, pa6orato1.1.111x a napa1111e11b. 

>< -RIC= 5 
~--·□ 

+ - RIC = 20 .. 0 -~~-~--

/~==== 
15 

Puc. 20. 3aaucuMocmu aenu-

I/UH ycKopeHUR 6bll/UCneHUU 
12 

om 11ucna npo4eccopoa, pa- s 9 

6oma10w.ux a napannenb, onR 6 

mpex pa3flUI/Hb/X 3H81/8HUU 3 

RIC. 

nposet1eH aHa11113 [47] 
0 4 8 12 16 20 

N 

3cpcpeKT11BHOCTl1 11cnOI1b30-

B8Hl1fl OAHOL1 113 nepBblX MHoronpo4eccopHblX c11CTeM, K0TopaR COCTOITT 113 He-

CKOilbKl1X Ml1Kpo3BM 168/E. 11 npe,£1H83Ha4eHa Ailfl aH8111138 3Kcnep11MeHT8I1bHOL1 

11HcpopMa41111 Merot1aM11 ee napa1111e11bHOi1 o6pa6oTKl1. AnR 04eHK11 3cpcpeKrnBHO

CTl1 napa1111e11bHOi1 o6pa6oTKl1 co6b1rni111cno11b3osaHa 6e3pa3MepHafl se1111411Ha 

R/b S = ( ) , rt1e R - epeMR, 3arpa411eae-

R +n·t if N+C 
ycKopeHl1fl Bbl411CileHl111 S. 

Moe Ha aHa11113 OAHOro co6b1rnR a M11Kpo3BM; C - speMR, 3arpa411eaeMoe Ha opra

H113a411to e3al1MOAeVICTBl1fl ynpae11Rto1.J..1evi 3BM rnna IBM-370 c 3Y .£18HHblX Ml1Kpo-

• Kunz P.F. et al. - IEEE Trans. on Nucl. Sci., NS-26, p. 582. 
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38M; napaMeTp b onpeJ:1em1eT, 80 CK0!lbK0 pa3 6bJCTpee Bbln0!lHHeTCH 3aAa4a 8 

IBM, YeM 8 MV1Kpo38M; n - napaMeTp BeTB!leHVJH nporpaMMbl o6pa6oTKl,1 AilH MVIK

po3BM; t - speMH 3an1,1c1,1 seTBVJ nporpaMMbl. Ha p1,1c. 21 np1,1seAeHbI rpacp111iiecK1,1e 

3aBVJCVIM0CTI1 Be!1VJ41,1Hbl ycKopeHVJH J:l!lH Tpex pa3!11,14HblX 3Ha4eHVJ'1 R = 1 c, 400 MC, 

100 MC, J:l!lH 3Ha4eHVJ'1n=01,1 10, J:l!lH C = 30 MC, A!lH b = 2 1,1 t = 10 MC. 

10 
lt13 np1,1se-

6 

4 

2 

o-o R=lc 

0---0 

-1--+ 

R=400MC 

R = 100 MC 

., ..... .□······□·····O····•EJ 

AeHHblX 3aBVJCVIM0-

CTe'1 BVIAH0, 4T0 

ycKopeHVJe Bbl4VIC

!leHVJ'1 cTaH0BVITCH 

60!lbWe eAVJHVIL\bl 

np1,1 pa3H0M K0!11,1-

4eCTBe napa11-

11eI1bHbJX npo4ec-

copos s 3as1,1c1,1Mo-

10 15 20 

N 
25 30 35 40 CTl,1 OT speMeHVJ, 

He06XOAVJMoro A!lH 
Puc. 21. Tpac/JuKu ycKopeHuR o6pa6omKu co6btmuiJ Ha6o-

pOM 168/E. CnnOWHb/MU flUHURMU nOK838Hbl apac/JUKU OflR 

npoapaMM o6pa6omKu 6e3 eemeneHUR npoapaMMbt (n = 
0), a nyHKmupHbtMU- c eemeneHueM (n =1 0). 

aHa111,13a 0AH0ro 

co6bJTI1H. 

,Qa11ee 8 

mase paccMoTpe

HbJ sonpoCbl C03AaHVJH Ha 6a3e MarVJCTpa111,1 VME MH0ronpo4eccopH0'1 Bbl4VIC!11,1-

Te!lbH0'1 CVJCTeMbl (MOAYilbHOro cynepK0MnbJOTepa) C npOV13B0AVJTe!lbH0CTblO, KOTO

paH paBHa cyMMapHo'1 npOV13BOAVITe!lbH0CTVI AeCHTK0B BblC0K0npo1,13soAVJTe!lbHblX 

38M np1,1 Bbln0!lHeHVJl,1 TI1nVJ4HblX 3aAa4 o6pa60TKl,1 AaHHblX, no11yYeHHblX co cneK: 

Tp0MeTpos 3!1eMeHTapHblX 4aCTVIL\ 8 <t>83 [48]. 6bl!1 npoBeAeH aHa!ll,13 Tpe6osaHVJ'1, 

K0TOpbIe npeAbH8!1H!11,1Cb 8 nB3 K o6pa6oTKe 3KCnepVIMeHTa!lbH0'1 VJHcjJopMa41,11,1 8 

nepVI0A 1986-90 rr. ,Q!lH npoBeAeHVIH Heo6XOAVIMblX pacYeT0B s Ka4eCTse OCH0BH0-

ro npo4eccopa VME 6bl!la Bb16paHa OAH0n!laTHaH 38M np0V13B0AVJTe!lbHOCTblO 1 

Mon.le. 

8 Ta6111,14e npVIBeAeHbl pacYeTHble 3Ha4eHVJH np0V13B0AVITe!lbH0CT1,1 cynepKOM

nbJOTepa np1,1 o6pa6oTKe co6b1T1,1'1 co cneKTpoMeTpos 61t1C-2 1,1 ,QEn<t>ltl. nposeAeH 

30 

pacYeT ycKopeHVJH speMeHVJ aHa111,13a co6bJTVJ'1 s 3as1,1c1,1Mocn1 OT 4VJC!la napa11-

11e11bHbIX npo1.1eccopos s cynepKoMnbJOTepe (cM. p1,1c.22). 

HaVJMeH0BaHVJe O6beM 3aTpaTbl R Ha 3aTpaTbl C Ha K0M-

cneKTpoMeTpa co6bJTI1H, o6pa6oTKY co6b1- MYHV1Ka41,110 ns C yn RIC 

61t1C-2 

,QEn<t>ltl 

~ 
,: 
= = 
5 
= 
~ 
Ol ., 
= = ., 
C. 

~ 
!;'. 
Cl) 

0 

K6a'1T n1H s ns, c 

-e-
···◊····· 

1,0 

1200 

~ 
~ 

1,0 

215,0 

Ha co6bJTVJe, MC 

0,06 1,7•104 

70,0 3,1-103 

Puc. 22. Tpac/JuKu ycKope

HuiJ epeMeHu aHanu3a co-

6btmuR e cynepKoMnbrome-

.-·<>·· ••◊·····•◊ ··••◊··· 

pe om <Jucna npou,eccop

HbtX :meMeHmoe. 

2000 4000 6000 8000 10000 

N, 'IHCJio nponeccopos 
noCI1eAHHH YacTb maEib1 

nocBHIJ.leHa on1,1caH1,110 pa6oT no nposepKe 4e11ecoo6pa3HOCTVJ BbJn0!lHeHVJH napa11-

11e11bH0'1 o6pa60TKl,1 co6bJ1l1'1. 6bl!1 C03AaH np0TOTI1n MH0ronpo4eccopH0'1 CVJCTeMbl 

(cM. p1,1c. 23) [49]. np1,1 noMOIJ.IVI 3Toro • *~ 

03BM 
IBMPC 

npoT0TVJna 6bl!1 nposeAeH 41,1KI1 1,1cnbITa

HV1'1. 

Puc. 23. 5noK-cxeMa npomomuna 

MHOaonpou,eccopHOU Bbl'lUCflU

menbHOU cucmeMbt. 

Ha pVIC. 24 npVJBeAeHbl rpacjJVJKl,1 

1,13MepeHHblX VI Bbl4VIC!leHHblX TeopeTVJ

YeCKVI Be!1VJ41,1H ycKopeHVJH o6pa60TKl,1 C06bln1'1. OT!1VJ4VIH 8 3TVIX rpacjJVJKaX He60I1b

w1,1e, 4TO C!ly,KVIT AOKa3aTe!lbCTBOM AOnyCTVIM0CTVI npeAnO!l0>KeHVJ'1, no11o>KeHHblX 8 

OCHOBY pacYeT0B 3cpcjJeKTVJBHOCTVI aHa!1VJ3a C06bJTVJ'1 Ha6opoM napa1111eI1bHblX npo-

4eccopos. 
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cnetcrpoMeTpa C<l>EPA l-1 Cl-1CTeMa K0HTpons:i napaMeTp0B aBT0Marn31,1posaHH0r0 

l-1CT04Hl-1Ka nons:ipl-130BaHHblX AeliiTp0HOB "nons:ip1-1c". 

7. Co3AaH annapaTHbllii npoLteccop, K0T0pb11ii B pe)K1-1Me peanbHoro speMeHL-1 

ynpasns:ieT npoLteccaML-1 C)KaTL-1fl L-1HcpopMaL.tL-10HHO-l-136blT04HblX AaHHblX L,1 nepe

K0AL-1P0BKL-1 AaHHblX C AeTeKTopos r0A0CK0nl-14eCK0ro rnna. npoLteccop l-1HTerp1-1-

posaH B COCTaB Cl-1CTeM c6opa AaHHblX 3Kcnepl-1MeHTanbHblX YCTaHOBOK 61,1C-2 1-1 

AJlb<l>A 1-1 Ha npoTs:i)KeHL-11-1 HeCKOflbKL-1X neT 06ecne41-1san npoBeAeH1-1e 1-1ccneAO

saH1-11ii Ha 3Tl-1X yCTaHOBKax. 

8. np1-1 C03AaH1-11-1 cneKTpoMeTpa C<l>EPA snepsbIe B CTpaHax-yYaCTHL-1LtaX O1,1.rll,1 

npeAflO)KeH 1-1 1-1cnonb30BaH HOBbllii cnoco6 opraH1-13aL11-1L-1 c1-1CTeM c6opa AaHHblX c 

1-1cnonb30BaHL-1eM MamCTpanbHO-MOAYflbHOlii Wl-1Hbl VME. 3TOT cnoco6 o6ecne-

4l-1BaeT ynpasneH1-1e Cl-1CTeMolii OT MHOro41,1cneHHblX l-1CT04Hl-1KOB, opraH1-13aLtl-1IO 

napannenbHOlii pa60Tbl HeCK0flbKL-1X npoLteCCOpHblX ycTpOliiCTB L,1 n03B0flfleT 06b

eAL-1Hf!Tb B paMKaX eAL-1HOlii l-1HqJOpMaLtl-10HHOlii CL-1CTeMbl 3fleKTpOHHYIO annapary

py, BbmonHeHHYIO B pa3nl-14HblX CTaHAaprnx (CAMAC, FASTBAS, VME). 

9. Pa3pa6oTaH KOMnneKC annaparypbl B CTaHAapTe VME (c1-1CTeMHbllii KOHTponnep 

L,1 MOAYflb conpfl)KeHL-1fl C MamcTpanblO Qbus), Ha OCHOBe KOTOporo 6bina C03Aa

Ha MHoronpoLteccopHas:i noACL-1CTeMa ynpasneH1-1s:i Ltl-1KnOM csepxnpoBOAfll..Llero 

Cl-1HXpOTpOHa Cnlt1H. 

10. Pa3pa60TaH ML-1KponporpaMMHb11ii Apaliisep BeTBL-1 CAMAC B CTaHAapTe VME, 

no3B0flf1IOI..Lll-11ii o6pa30BblBaTb AO BOCbMl-1 CTaHAaPTHblX BeTBelii CAMAC L,1 Bbl

nonHf!Tb pacw1-1peHHbllii PflA onepaL11-1lii no ycKopeH1-110 nepeAaYL-1 Macc1-1sos AaH

HblX 1,13 MOAynelii per1-1cTpaLtL-1L-1 cneKTpoMeTpa C<l>EPA. 

11. npoBeAeHbl aHanl-13 L,1 TeopeTL-14eCKOe 060CHOBaH1-1e MeTOAOB, HanpasneHHblX 

Ha 3Ha4L-1TenbHOe yMeHbWeH1-1e (B HeCKOflbKO pa3) MepTsoro BpeMeHL-1 3KCnep1-1-

MeHTaflbHblX yCTaHOBOK npl-1 np1-1eMe L-1HcpOpMaLtL-1L-1 0 co6b1Tl-1l-1 3a C4eT ycKopeHL-1R 

nepeAaYL-1 3Kcnepl-1MeHTanbHblX AaHHblX l-1 C)Karns:i l-1HqJOpMaL.tl-10HHO-l-136blT04HblX 

AaHHblX. 

12. npoBeAeH aHan1-13 MHoronpoLteccopHblX c1-1CTeM, op1-1eHrnposaHHblX Ha napan

nenbHYIO o6pa6oTKy co6b1rnlii. Pa3pa6oTaH sap1-1aHT c1-1CTeMbl napannenbHOlii 

o6pa60TKL-1 3KCnep1-1MeHTanbHblX AaHHblX Ha OCHOBe OAHOnnaTHblX npoLteccopoB 

s CTaHAapTe VME. 
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13. C03AaH npoTOTL-1n Cl-1CTeMbl napannenbHOlii o6pa60TKL-1 AaHHblX, COCT0fll..Lll-11ii l-13 

Tpex npoLteccopos, 1-1 nposeAeHo 1-1ccneAOBaH1-1e ero pa6oTbl np1-1 BbmOnHeHL-11-1 

rnnl-14HblX 3aAa4 o6pa60TKL-1 AaHHblX, nonyYeHHblX co cneKTpOMeTpOB 3fleMeH

TapHblX 4aCTL-1l..l B cl>83. 

14. nonyYeHbl YHL-1KanbHble cp1,131,14ecK1-1e pe3ynbTaTbl Ha yCTaH0BKax Jl83, l-1CnOnb-

3YIOI..Lll-1X Cl-1CTeMbl c6opa AaHHblX, C03AaHHble asTOpOM AL-1CCepTaLtl-1l-1. 

OCHOBHble pe3ynbTaTbl AMCcepTa1.1r,rn ony6m1KOBaHbl B pa6oTaX. 
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